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Esaki or Tunnel Diodes - 
Transistorized Video Equipment 
Electrical Measurements Using Hall Effect 


ILCO MAT’ TRANSISTORS 
UNIVERSALLY APPLICABLE 


“To All Logic Circuits Up To 5me 


O OUTPUT #2 


DIRECT COUPLED TRANSISTOR LOGIC FLIP-FLOP 
TYPICAL SWITCHING TIMES : tp =12 myusec. tg=15 mysec. RESISTOR COUPLED TRANSISTOR LOGIC FLIP-FLOP 


TYPICAL SWITCHING TIMES : t-=40 musec. t-=110 mysec. 


RESISTOR CAPACITOR COUPLED TRANSISTOR LOGIC BINARY STAGE 
TYPICAL SWITCHING TIMES: t,= 30 musec. ts=44 musec. 


DIODE COUPLED TRANSISTOR LOGIC FLIP-FLOP 
TYPICAL SWITCHING TIMES : t-=20 musec. tg=60 musec. 


high frequency performance...at medium frequency prices 


The Philco 2N393 Micro Alloy Transistor * High beta ¢ High Vpg rating 
; es ¢ Low saturation voltage « Low I 
(MAT) has proved its complete reliability . High speed <iayh fosthale storagetiate 
TT in millions of operating hours in every type © When you can buy so much for so little . . 


of computer logic circuit up to 5 me. It don’t settle for less in your equipment. 


| aiitee ; gt ta: 
combines all the advantages of high fre- ai 51900 ‘ve 
quency performance with low price. The Other Philco MATs to Meet Your Special Requirements: 


2N393 is easily designed into any logic 2N1122... with 11 volt rating 
2N1122A ... with 14 volt rating 


2N1427 . . . with additional parameter control 
2N393 portant advantages: For data sheets, write Department SC 560 
*Reg. U.S. Pat. Off. 


Circuit and offers the designer these im- 


Famous for Quality the World Over 
LANSDALE DIVISION e LANSDALE, PENNSYLVANIA 
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How to 
stop worrying 
about 
COSTLY 
SILICON 
SCRAP 


“ty y 
Me, ay 


use p-type or n-type Merck Silicon. Your rejects due to 


Want to overcome the nagging problem of costly silicon 
unsatisfactory resistivities fall to zero. 


scrap? 
It’s easy. Just specify Merck Single Crystal Silicon. Merck has the Single Crystal Silicon to meet your needs. 


At one fell swoop you get rid of silicon rejects due to poor Write, wire or phone today for specifications. 


size control. Merck Single Crystal Silicon is of uniform Circle No. 5 on Reader Service Card 
diameter all the way down... good to the last millimeter. 
You won’t get stuck with unusable butt-ends. 


But that’s not all. Float zone-refined Merck Single Crys- —_ Electronic Chemicals Division 


tal Silicon is uncompensated. Resistivities stay uniform ‘ 
day in, day out; month in, month out . . . whether you MERCK & CO.Inc. - ranway. new JERSEY 


BASE BORON CONTENT BELOW ONE ATOM 


M E R C K oy I L I C O N OF BORON PER SIX BILLION SILICON ATOMS 


WK 


vc tor 
semiconductors 


and 
electronic applications 


Fine wire (.001-.250), clad wire, rod, 
sheets and special shapes now avail- 
able in any of the following metals: 


@ Pure Gold 

@ Gold Alloys 

@ Platinum and Alloys 
@ Palladium and Alloys 
@ Silver and Alloys 

@ Copper and Alloys 

@ Any Non-Ferrous Metal 


Of critical importance are these 
outstanding features of Consolidated 
Reactive Metals’ services: 


1—Quality Control to assure Reliability 
2—Production to Close Tolerances 
3—Vacuum Annealing 


Consolidated’s engineering depart- 
ment is ready to assist in the devel- 
opment of suitable alloys to meet 
specific requirements. The processing 
division can provide sample and pro- 
duction runs most economically .. . 
with delivery as promised, usually 
within two weeks. 


Write for data! 


CONSOLIDATED 


REACTIVE METALS, Inc. 


115 HOYT STREET 
MAMARONECK, N. Y. 
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Front Cover 


MASER “HEART”—Key to high performance of the unusual 
“ruby maser” developed by Hughes Aircraft Company lies in a six- 
inch area containing a gold-plated copper transition section, a half- 
inch square ruby crystal and a 12-ounce magnet. The magnet, at 
right, “tunes” the ruby so that it will operate at the correct fre- 
quency, which is determined by the strength of the magnetic field 
and the angle between the crystal axis and the direction of the 
magnetic field. Darker section at left is the waveguide. The entire 
section is installed in a double-glass vacuum filled with liquid 
helium and nitrogen to supercool the ruby to a few degrees above 
absolute zero. 
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While 


UNIMERSAL - 
TRANSISTOR’ 


FAIRCHILD’S 2N1613 


DIFFUSED SILICON PLANAR TRANSISTOR 


GUARANTEED USEFUL BETAS FROM 
100)/A to 0.5A: 
15@.1mA 20@I1mA 30@150mA 15 @ 500mA 
Guaranteed minimum Beta over a 5,000 to 1 range 
of collector current makes the 2N1613 the most 
versatile transistor presently on the market. 


WIDE RANGE OF APPLICATIONS: in Fast Switching 
(logic and high current): Amplifiers (low level, low 
noise, wideband, VHF power). 


RELIABILITY IN A NEW DIMENSION: The Planar 


TENTATIVE SPECIFICATIONS — 


FAIRCHILD 2N1613 
f¢ typical 7, 100 mc 


Po @ 25°C. Case Temperature 3W 
Hae (see Beta pereeial ees Min 30 


VCER - ; 4 . 40V 


~ 75 
1.3V 
1.5V 


YCBO 

VpBESAT. (Max.) 

VCESAT. (Max.) 

IcBo @ 25°C. (Max.) measured. 
at 60V . 


25mpA 


ANOTHER FAIRCHILD FIRST 


Transistor is the most thoroughly proven transistor 
ever introduced commercially, with over 5,000,000 
transistor hours plus 300°C. stabilization on all 
units. 


SOME IMPORTANT PARAMETERS: 7 db—Noise 
Figure: 100 megacycles—Gain-bandwidth product; 
0.0005u)A IcBo typical at 60V, 25°C. 

IMMEDIATE AVAILABILITY: Quantities from 1-999 
from franchised Fairchild distributors at factory 
prices. 


545 WHISMAN ROAD / MOUNTAIN VIEW, CALIF. / YOrkshire 8-8161 
For full specifications, write Dept, 


A WHOLLY OWNED SUBSIDIARY OF 
FAIRCHILD CAMERA AND INSTRUMENT COMPANY 
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is ec i Si a SCARE 


Metallurgists & Specialists in Unusual Products... 


High-Purity 
METALS 


° es" vin. Lay 
uctor Devic _ ia “ 


Semi-Cond oe 


doped with N-type or 
P-type elements— supplied in 
form of wire, sheet or ribbon 
and cut or stamped pieces. 


CHEMICALLY-PURE 
ALUMINUM WIRE 


As small as .002” 
(approximate) 


Write for this 
brochure today: 
no obligation electroplated 


v fe base or precious 


metal wires. 


SINCE 1901 


SIGMUND COHN CORP. 


121 South Columbus Avenue * Mount Vernon, N. Y. 
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AT GRACE ELECTRONICS the pledge of high 
quality Silicon meeting your specifications is not 
a promise without meaning. The reason: Per- 
fection is standard at Grace! 


The fact that nothing is left to chance means 
greater yields per pound from Grace Silicon. 
Impurity levels are kept to a minimum throughout 
the process, resulting in bulk and monocrystalline 


GRACE ELECTRONIC CHEMICALS, INC. 9 101 N. Charles St., Baltimore, Md. 
Subsidiary of W.R. Grace & Co. *» West Coast Rep.: Chafin & Associates, Los Angeles and San Francisco 


Tit erpHver en enepmatce teva 


ote em 


silicon with boron content as low as 0.1 ppb. 


This means minimum compensation and therefore _ 


superior device characteristics for you. 


Grace Silicon is available in all grades and 
forms. Bulk: Grades I, II and III; P and N type. 


Grace Float Zone and Czochralski monocrystals 


from 0.1 to 1000 ohm-cm. Polycrystalline rods. 
Monocrystalline slices. Write today for details. — 


\ 


Circle No. 9 on Reader Service Card 


SEMICONDUCTOR PRODUCTS e MAY 1960 


Alloys Unlimited’s die library che 
Your semiconductor yield is increasec 


An Alloys Unlimited die is filed away with your alloy number attached. Wi 
your own die, preform purity is assured and semiconductor rejects are lowere 


Pellets * Discs * Spheres * Dots * Rings * Washers * Special Shapes * Solder Preforms 
Ribbon * Sheet * Foil* Bar * Wire + Clad Metals 


z 
5 
> 
7) 
E 
< 
= 


form contamination. 


makes Alloys Unlimited’s preforms the finest 4. Finished preforms are checked repeatedly. The 

ed? “There’s really no secret” says Hamburg slightest dimensional deviation from specifications e 

Chief Metallurgist. “It is merely patient atten- is reason for rejection. & ALLOYS 
detail.” Such details as these: . Vapor degreasing and ultrasonic cleaning are used 

y rolling mill head is specially ground to a to clean the preforms. Anything less would not re- UNLIMITED 
or smooth finish to prevent impurities from be- move surface contamination. 

ing embedded. 6. To prevent distortion during shipment, preforms are @ ‘s INC. 


arate roll sets are used exclusively for alloys with packed with impurity-free shock absorbing material. 


n contaminating effects. If you want to take every precaution to make your 
semiconductors perform as designed, write for com- 
plete information. You'll be glad you did. 21-01 43rd Ave., Long Island City 1, N.Y. 
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ys that tend to oxidize in air are packaged in 
gases. 


SILICON NEWS from Dow Corning 


ee au AIE 
es a SE, SE SS 


Watchword: Reliabilit 


silicon blank 


finished silicon optic 


Silicon Optics Enhance Reliability and 
Versatility of Infrared Detection Systems 


As new infrared guidance and surveillance systems take their “passive” 
positions in our defense, one major design challenge is to guarantee opti- 
mum performance of these vital devices. One way is to employ silicon 
optics . . . because, in addition to providing over 95% transmission, they 
offer a unique combination of properties that assure the highest degree 


of reliability and versatility. 


Reliability of product really begins with reliability of sources. Under 
Dow Corning’s stringent quality control program, each new silicon ingot 
is meticulously quality-checked for transmission rate . .. and a transmis- 
sion curve goes right along with every silicon blank delivered. 


Today, Dow Corning can make prompt shipment of optical silicon blanks 
up to 7 inches in diameter . . . in hollow domes, flat plates, prisms and 
other shapes to meet the most exacting specifications. Keeping pace with 
the new, fast-moving infrared industry, Dow Corning will apply latest 
techniques to larger sizes as the needs develop. 


Free Brochure Available — plus latest data on optical silicon for infra- 


red detection. Write today ... your name will be kept on a special mail- 


ing list to receive all new bulletins on this subject. Please address your 


inquiry to aay 9505. 


PHOTO COURTESY ACF ELECTRONICS DIVISION 
ACF INDUSTRIES, INC. 


Avion engineer “reflects” on Dow Corning silicon 
dome during test of infrared transmission char- 
acteristics. Avion’s capability in infrared tech- 
nology dates back to early research and devel- 
opment on the famous “Sidewinder” missile. 
Present interests and projects include airborne 
detection and tracking devices. 


PERCENT TRANSMITTANCE 


1 2 3 4 5 6 7 
WAVELENGTH IN MICRONS 
TRANSMISSION DATA COURTESY OPTICAL COATING 


LABORATORY, INC., SANTA ROSA, CALIFORNIA. 


The black line indicates the percent of transmit- 
tance for silicon is relatively constant from 1.3 
to 6.7 microns. Blue lines show how transmission 
is increased by coating. Single coating provides 
maximum transmission on a narrow band; sey- 
eral coatings, dotted blue line, give maximum 
transmission on a broad band. 


Properties of Dow Corning Optical Silicon 


Specificwonavity =-< ee a ee 2.329 at 25 C 
Melting tein tise ei aloe eee 1420 C 
Handniessac 2 aS 8 te SO ay J. aoe Saas 7 Moh 

1150 Knoop 
Thermal conductivity ~____ 0.39 cal (cm sec. C°) 
Thermal expansion) 2-22-24 4.15 x 10-6/C° 
Specificzheats <6 ss Sas ie eS a 0.168 at 25°C 
Dielectric constant _---______ 13 at 9.37 x 109 cps 
Elastic modulus (Youngs) ________ 19 x 106 psi 
Flexuraléstrength 25 202s) ae ea ues 20,000 psi 


HYPER-PURE SILICON DIVISION 


Dow Corning CORPORATION 


MIDLAND. MICHIGAN 


ATLANTA BOSTON CHICAGO CLEVELAND DALLAS 


LOS ANGELES 
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§ ways to use versatile 


E-FORUM EPOXY PELLETS 


Developed to overcome the measuring and handling draw- resistant application! Variations of cure temperature, color, 
backs of liquid epoxy, E-FORM EPOXY PELLETS are non- flow and viscosity, heat dissipation, thermal expansion, 
toxic, dry, easy-to-handle units that can be provided in the physical and adhesive strength, flexibility, etc., are available 
exact size, shape, volume and formulation required for toraise production efficiency, save time, cut rejects drastic- 
any insulating, adhesive, chemical resistant or flame- ally and raise the standard of component performance. 


Here are 8 ways to use versatile E-FORM EPOXY PELLETS in your plant now: 


ENCAPSULATE 


E-FORM 
PELLET 


_—— COMPONENT 


wa 


_-— E-CASE 


| CURED 


(/ PELLET COMPONENT 
| / 


Soe COMPONENT 


E-FORM BEFORE 


eo tie PELLET 
fo be ve E-CASE 
ay _—— OR CAN 


[{ £8 component 


are IM PREGNATE 


CURED 
PELLET 


BEFORE 


END SEAL 


E-FORM 
/~ PELLET 


Ss COMPONENT 
CASE 


_E-FORM 
/ PELLET 


CERAMIC 
TUBE 


E-FORM 


7 PELLET 
“« BOND 


~ WELD LINE 


a) 


~—~—COMPONENT 
_. CURED 


BEFORE 


For complete 
technical data on 
any or all of these 

techniques, write to 


A DIVISION OF JOSEPH WALDMAN & SONS 


PRODUCTS 


137 Coit Street, Irvington, New Jersey 
ESsex 5-6000 
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For Etching 

O Acetic Acid—Reagent, A.C.S. 

( Ammonium Bifluoride—Technical 

1 Ammonium Fluoride—Reagent 

(] Bromine—Reagent, A.C.S. 

( Glycerin—Reagent, A.C.S. 

Hydrochloric Acid—Reagent, A.C.S. 

O Hydrofluoric Acid—Electronic Grade 

(0 Hydrogen Peroxide (Stab.)—Electronic Grade 

C1 Nitric Acid—Reagent, A.C.S. 

(0 Potassium Hydroxide Pellets and Solution— 
Electronic Grade 

() Sodium Carbonate—Eiectronic Grade 

( Sodium Hydroxide Pellets and Solution— 
Electronic Grade 

( Sulfuric Acid—Reagent, A.C.S. 


How many 


we cee ee eww e coe new cee cee meccoe eco eeescoscaseseeneesescesese 


of these 


As Solvents: 

: (1 Acetone—Electronic Grade 

0 Alcohol, Ethyi—Reagent 

( Carbon Tetrachloride—Electronic Grade 
0 Ether—Electronic Grade 

D0 Methyl Alcohol—Electronic Grade 

1 Propyl! Alcohol lso—Electronic Grade 
0 Trichloroethylene—Electronic Grade 


Electronic 


Chemicals 


d O yo U n eed ? 0) Xylene—Reagent, A.C.S. 

aay 
In the Production of TV Tubes: 
00 Barium Acetate—Electronic Grade 
O Barium Nitrate—Electronic Grade 
0 Calcium Nitrate—Electronic Grade 
O Strontium Nitrate—Reagent, A.C.S. 
0 Aluminum Nitrate—Electronic Grade 


Check your requirements against General Chemical’s ex- 
tensive line of B&A® “Electronic Grade” chemicals. Prin- 
cipal products are listed here—and there are many others 
too! You’ll find that “B&A”— America’s leading line of 
“Electronic Grade’ chemicals—is your best single source 


for aif your hi gh purity chemical needs! For Semiconductor Production: 


0 Germanium Dioxide—Electronic Grade 
0) Germanium Metal—Electronic Grade 
OO Nickel Chloride—Reagent, A.C.S. 

O Nickel Sulfate—Reagent, A.C.S. 

0 Sodium Hypophosphite—N.F. 


As America’s foremost producer of laboratory and custom 
chemicals, General Chemical has the wide range of prod- 
ucts, the versatile production facilities, and the specialized 
experience to meet virtually every electronic chemical 
need! Write today for our free information folder, “B&A 
Electronic Chemicals.” Gives specifications plus other 


. : For Post Treatment of Semicond : 
valuable information. uctors 


0 Hydrogen Peroxide—Electronic Grade 


For Capacitors: 
(1 Ammonium Hydroxide—Reagent, A.C.S. 
O Boric Acid—Reagent, A.C.S. 


OO Manganous Nitrate—Reagent, A.C.S., 
Electronic Grade 


0 Oxalic Acid—Reagent, A.C.S. 


llied 


hemical 


For Phosphor Production: 


GENERAL CHEMICAL DIVISION 0 Zinc Sulfide 


40 Rector Street, New York 6, N.Y. 
For Gaseous Insulation: 


0 Sulfur Hexafluoride 


SS eee ee 


Baker & Adamson® “Electronic Grade” Chemicals 
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we can supply 
single crystal 
germanium 
In any 
production 
quantity 


name your requirement— 


Semimetals, Inc., the world’s largest 
specialized producer of Doped Single Crystal 


Germanium now offers Production Quantities at low cost. 


Until now Semimetals, Inc., has been supplying 

a selected group of companies with Single Crystal 
Germanium to their specifications. Because of 

increased demands, newly developed techniques, and 
expanded facilities, Single Crystal Germanium is now available 
in large quantities at prices lower than ever before. 

These crystals are provided to Orientation, Type, Resistivity, 
Dislocation Densities and Lifetime requirements . . . Zone 
Levelled Single Crystal Germanium or Czochralski types are 


available in either bulk form or sliced to your specifications. 


Why not evaluate our Germanium and assure yourself 


of a prime source for your most important raw material? 


specifications 


Resistivity and Tolerance . .... .... Available from 0.01 —30 ohm-cm; 
N Type, +20%; P Type, +15% 
PIviaritation! <.s.swtettaia ee lls, Oc ulere wa @il) 2° 
Dislocation Density 215. see. oes os To specification: 
Bitetime® s.- = : of Ae CS reves Bh yd 0.5—9.0 ohm-cm — 50 ywsec minimum; 
Above 9.0 ohm-cm— 200 yvsec minimum 
PinGage un. <2. o> ve Tee All material free of lineage 


Each Crystal is supplied with complete indentification and resistivity profile, and is 
shipped in a polyethylene container. 
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SPECIAL GERMANIUM 
to your specifications 


IR Detector Material 
(Gold Doped) 


IR Filters and Windows 
Low Lifetime Material 


Low Resistivity Material 
(0.001 ohm cm, N-type) 


Whatever your needs, write or cai: 


AXTEL 7-3200 


METALS, INC. 


133-20 S1st AVE. 
RICHMOND HILL 18, NEW YORK 


j1 


For research and more accurate 
production of hyperpure materi- 
als for semi-conductors—the new 
Lindberg Floating Zone Scanner 


This newly developed Floating Zone Scanner is a product 
of Lindberg’s technical staff, widely recognized for many 
significant developments in the application of heat to 
industry. Expertly designed, it provides more accurate 
and more precise production of semi-conductors as well 
as serving as ideal research equipment. Already, a num- 
ber of important companies in the semi-conductor field 
are using this equipment for research and production. 
Lindberg Induction Heating Units have been specifically 
designed for use as research and production equipment 
for crystal growing and zone refining of semi-conductors 
and other materials. Write for our Bulletin No. 1600. 


High Frequency Division 


LINDBERG ENGINEERING COMPANY 
2489 WEST HUBBARD STREET, CHICAGO 12, ILLINOIS 


LINOBERG heat for industry 


Circle No. 15 on Reader Service Card 


Boo 


TITLE: Masers ' 
AUTHOR: J. R. Singer 
PUBLISHER: John Wiley and Sons oe 


Masers is one of the first, if not the first. 
book describing the recently develope 
field of quantum amplifiers. The bookl 
comprises a unified approach to the topic: 
not readily obtained from the many; 
varied papers and published articles. 

Chapters I and II comprise a simple 
understandable approach to the rather: 
complex topic of quantum mechanics. The¢ 
first chapter is a simplified description off 
the physical operation of the Maser andk 
a historical review of developments. A‘ 
complete bibliography at the end of the 
chapter refers the reader to the basic 
papers of the research workers. Chapter: 
II is a mathematical treatment of the 
mechanics of the Maser; induced emission 
and absorbtion. The presentation starts: 
with a discussion of a classical harmonic 
oscillator leading to considerations of en— 
ergy interchange and finally absorbtion or’ 
induced emission as an outgrowth of the 
energy exchange polarity. The Einstein: 
relationships and a discussion of amplifi— 
cation complete the chapters. 

The third chapter deals with Gas Maser: 
devices. The first quantum mechanical 
microwave oscillator, or ammonia “clock,” 
is completely described here together with 
equations and relationships for power out- 
put, cavity design and random noise. 

Chapter IV is a complete discussion of! 
the phenomenon of electric paramagnetic 
resonance (EPR) of which the solid state 
maser is a special case. The classical de- 
scription utilizing a rotating coordinate 
system may be found in section 4-3. The 
material presented considers the relaxa- 
tion time, line breadth or band-width 
and overall quantum descriptions of the 
maser. 

The balance of the book is devoted 
chiefly to a description of the two-level 
and three level amplifiers. The levels 
refer to the energy states that are useful 
in terms of the availability of “almost 
free” electrons. The processes of oscilla- 
tion and amplification are treated and 
circuit diagram and typical equipment 
are discussed. The book closes with dis- 
cussion of traveling wave masers. An ex- 
cellent appendix derives various equa- 
tions and compares masers and parametric 
amplifiers. 

Masers is an excellent textbook for the 
serious microwave specialist. The material 
presented is well unified and clearly de- 
veloped although a firm background in 
mathematics and physics, especially field 
theory is required for a thorough under- 
standing. The early chapters however, 
give a good introduction to the Maser and 
should together with the rather complete 
bibliography aid in grasping the concepts. 
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Reviews 


- TITLE: Electronic Designers’ Handbook 


AUTHOR: Robert W. Landee 
Donovan C. Davis 
Albert P. Albrecht 


_ PUBLISHER: McGraw-Hill 


Electronic Designers’ Handbook is an 
up-to-date collection of design data, 
equations, circuits and information to aid 
the circuit development engineer. The 
value of any book of this type lies in the 
presentation and accessibility of data. In 
this regard the handbook is excellent. 

The material is presented in twenty 
three sections. The first section groupings 
(from Sections 1 to 7) cover a general 
range of basic topics such as tube ampli- 
fiers, oscillators, modulation and transis- 
tors. The seventh section is valuable for 
its system and noise concepts in receivers. 
The material is presented in a threefold 
manner: a technical discussion, circuit 
and parameter evaluation and an illustra- 
tive example. The practical examples 
worked out for the transistor circuits are 
particularly valuable in the understand- 
ing of temperature stabilization and over- 
all gain. 

A substantial portion of the book is 
devoted to pulse and pulse handling cir- 
cuits. There are sections on multivibra- 
tors, sawtooth generators, trigger circuits, 
clippers, limiters and clamps. A limitation 
here is the lack of presentation of transis- 
tor circuitry for pulse work, however the 
vacuum tube considerations are excellent. 

The balance of the handbook deals with 
electronic topics. The design of power 

supplies and iron core components are 
covered in Sections 14 and 15. Attenua- 
tors, equalizers and filters are discussed 
in the following two sections. An ex- 
cellent treatent of principles of ana- 
logue computers and servomechanisms 
may be found in Section 19. The con- 
cluding chapters cover networks wave- 
form analysis, and antennas. 

The Electronic Designers Handbook is 
concise, accurate and well written. The 
elarity of description and the numerous 
illustrative examples serve to enhance the 
work and increase the usefulness of this 
book. 


By Stephen E£. Lipsky 


For basic research, pilot plant 
studies and the more efficient pro- 
duction of semi-conductors— new 
Lindberg Diffusion Furnaces 


Here is a new Lindberg Furnace designed specifically for 
basic research, pilot plant work, or production of solid 
state devices. It is offered in a variety of sizes and capaci- 
ties to enable industries in the semi-conductor field to 
have higher powered equipment adequately insulated and 
designed for its specific use. With this type of furnace 
available, it is not necessary for industry to attempt to 
adapt ordinary furnaces to the highly specialized require- 
ments of the semi-conductor field. For complete informa- 
tion on Lindberg’s standard line of furnaces specifically 
designed for gaseous and solid diffusion uses write for our 
Bulletin No. T-1081. 


Pilot Plant Equipment Division 


LINDBERG ENGINEERING COMPANY 
2489 WEST HUBBARD STREET, CHICAGO 12, ILLINOIS 


LINOBERG heat for industry 
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to glass sealing wires 


It’s the Sylvania look. 
The look of uniformity. Of quality. Of complete glass adherence to the surface of the metal. 


Sylvania prepares wires of outstanding quality for use in tubes, lamps and semiconductors. 

In addition, Sylvania aids in developing new wires for products and helps solve sealing problems. 

One example: the development of a special borate coating for diode Dumet wire to provide 

anti-leeching characteristics. Another: Sylvania altered the alloy of the core rod in a special Dumet wire 
to assure the proper coefficient of expansion. For all wires, Sylvania maintains precise quality control 
throughout the manufacturing process. 

Result—a consistently high quality product—and at low cost. 


Whatever the metal—platinum, tungsten, molybdenum, copper, an alloy or composite wires such as Dumet 
—Sylvania technical skills add up to quality glass sealing wires. And in welded assemblies, cans, 

headers, connectors and alloy cuts and leads, you’ll find you can brighten your quality—and profit— 
picture with Sylvania. Parts Division, Sylvania Electric Products Inc., Warren, Pennsylvania. 


Subsidiary of GENERAL TELEPHONE & ELECTRONICS ex) 
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FROM THE PIONEERS OF THE INDUSTRY 


ADVANCED DESIGN 


PRECISION WAFERING 
MACHINE 


WITH THE 


INCREASES PRODUCTION EFFICIENCY IN PRECISION CUTTING 
OF GERMANIUM, SILICON AND OTHER DIFFICULT TO WORK MATERIALS 


® Provides smooth, continuous and pos- ® Gives faster return speed 


itive longitudinal table feed beh ihotasumioher tutus 


® Insures better control over low speeds ® Virtually frictionless 


Also available for installation on your present equipment, 


CALL OR WRITE TODAY FOR FULL INFORMATION 


@® Anderson Corp., Gary, Indiana 


MICROMECH MANUFACTURING CORP. 


A Division of Sanford Manufacturing Corp. 


1020 Commerce Avenue Union, New Jersey MUrdock 8-6323 
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6'/. GALLON 
10-LB. and 1-LB. 


... functional, 


for your 


in your choice of 


ONTAINERSSIZE: 


POLYETHYLENE 


CARBOYS 


NONRETURNABLE 
POLYETHYLENE 


BOTTLES 


SAFETY - CONVENIENCE - ECONOMY 


HYDROFLUORIC ACID is a key processing 
chemical. 


To meet the sharply rising demand for Hydro- 
fluoric Acid manufactured to J. T. Baker’s 
exceptional standards of quality, Baker has once 
more expanded production facilities. In addi- 
tion to dependable, on-time deliveries, Baker 
offers you: 


YOUR CHOICE OF CONTAINER SIZES: 6% gallon 


polyethylene carboys, 10-lb. and 1-lb. polyethy- 
lene bottles. 


SAFE, CONVENIENT, LABOR-SAVING PACKAGING: 
Carboys and 10-lb. bottles expedite convenient 
handling of large quantities of acid. The Baker 
1-lb. bottle makes possible more rapid pouring 


(7 —~ 


than competitive 1-lb. containers and with an 
added safety factor: There’s no diaphragm to 
puncture—no danger of “acid-spurt.” 


PURITY: Baker manufactures in conformance 
with extremely high standards of purity. Speci- 
fications assure that copper and nickel each will 
not exceed % part per million. 


ACTUALLOT ANALYSIS: Each container is labeled 
with the actual lot analysis defining copper, 
nickel and eight other significant impurities. 
ACTUAL LOT ASSAY: You’ll appreciate this 
“J. T. Baker extra” especially important for 
your use. 


FULL AVAILABILITY AND FAST SERVICE —from 
expanded production facilities. 


FOR PRICES AND ADDITIONAL INFORMATION, WRITE OR PHONE 


AEBakes J.T. Baker Chemical Co. 
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Tops for Computer Service 


These Raytheon germanium transistors are top choices 
of computer engineers for a number of important 
reasons. They were developed with computer applica- 
tions specifically in mind — voltage, gain, and response 
characteristics are optimized for this type of service. 
In medium frequency computer applications, these 


Raytheon switching transistors give you the reliability 
‘derived from years of production experience. And 
Raytheon’s quality control program assures strict prod- 
uct uniformity and rigid adherence to specifications. 


Result of all this is an extensive line of computer 
transistors that have set highest industry standards for 
quality and reliability. With the 2N396, which provides 
an internal base to case connection, Raytheon now gives 
you an important addition to a broad line of PNP, NPN, 
subminiature, and high current switching transistors. 
More details are given on the other side of this page. 
Semiconductor Division, Raytheon 

Company, 215 First Avenue, Need- 

ham Heights 94, Massachusetts. 


RAYTHEON SEMICONDUCTORS 


VERYTHING. 
0U 

IEED. 

OR 

OUR 


N QUANTITY... 


aH 
RADITIONAL. 
ZAYTHEON 


gE LIABILITY 


ITCHING 
IRCUITS 


\VAILABLE 


FOR GENERAL APPLICATION . . . THE 2N396 SERIES PNP germanium 
strapped base transistors for general switching service. Temperature 
range —65°C. to + 100°C. Immediate availability. 


Bypt | fab Real } 
Type Max. Volts | _me Hees Here ohms — 
2N395 15 4.5 40 12 Ze 
2N396 20 8.0 60 20 Aes) 
2N397 15 12.0 80 35 a Gea 


A COMPLETE HIGH CURRENT SWITCHING LINE PNP germanium switches 
for 1 amp, high frequency, high gain service. Temperature range —65°C. 
to + 85°C. Longa production item — excellent availability in large volume. 


Hee Hereo 
fab I ave. I ave. ' 
Bypr ave. B=1mA_ |, B=10mA C=150mA 
Type Max. Volts me |“CB= —0.25V | YCE= —0.35V | ohms 
2N658 —16 5 50 40 0.9 
2N659 E14 10 70 55 0.6 
2N660 ial 15 90 65 0.45 
2N661 =1'6 20 120 75 0.35 
2N662 Seal 8 30 min. 50 0.7 


IMPROVED DISSIPATION AT LOWER CURRENT VALUES NPN germanium 
transistors for medium current, high frequency, high gain switching serv- 
ice. Temperature range —65°C. to +85°C. Immediate availability. 


Bypr fab Rsat 
Type Max. Volts mc Hees ohms 
2N438 25 25 25 3.0 
2N439 20 5.0 45 3.0 
2N440 15 10.0 70 3.0 


HIGH RELIABILITY PNP TRANSISTORS germanium transistors ap 
medium current, high frequency switching service. Temperature range 
—65°C. to +85°C. Immediate availability. 


Bypr fab 
Type Max. Volts mc Hees Hre2 
2N425* —30 4 30 15 
2N426* —25 6 40 18 
2N427* —20 11 5S 20 
2N428* —15 7 80 30 
2N404* —24 12 See Data Sheet 


* Available to MIL Specification 


SUB-MINIATURE TRANSISTORS Sub-miniature transistors for medium 
current, high frequency, high gain switching. Temperature range —65°C. 
to +85°C. Immediate availability. 


TYPE 

130” Dia. 100” Dia. Bypr fab Rsat 

x .160” High | x.130” High | Max. Volts mec Heres Hre2 ohms 
CK 25 CK 25A —30 4 Gieson. | mas 2.2 
CK 26 CK 26A —25 6 40 18 2.2 
CK 27 CK 27A —20 11 55 20 1.2 
CK 29 CK 28A —15 17 80 30 14 


Your local authorized Raytheon Distributors 
carry in-stock inventories for immediate delivery. 


SEMICONDUCTOR DIVISION 


RAYTHEON COMPANY 7 
SILICON AND GERMANIUM DIODES AND TRANSISTORS * SILICON RECTIFIERS © CIRCUIT-PAKS 


ENGLEWOOD CLIFFS, N. J., LOwell 7-4911 (Manhattan Phone, Wisconsin 7-6400) « BOSTON, 
Hillcrest 4-6700 ¢ CHICAGO, NAtional 5-4000 e LOS ANGELES, NOrmandy 5-4221 e ORLANDO, 
FLA., GArden 3-0518 ¢ SYRACUSE, GRanite 2-7751 e BALTIMORE, SOuthfield 1-0450 
CLEVELAND, Winton 1-7716 e SAN FRANCISCO, Fireside 1-7711 ¢ CANADA: Waterloo, Ont. 
SHerwood 5-6831 ¢ GOVERNMENT RELATIONS: Washington, D.C., MEtropolitan 8-5205. 
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The BTU Transheat® furnaces have contributed towards great improve- 
ments in yields and reliability for continuous alloying. This was achieved by 
providing engineers with furnaces whose flexibility, parameters of operation, 
controllability and repeatability of performance enable them to lock in the 
optimum conditions and then maintain them continuously. 

The same approach has been used for the new DZ series of gas diffusion 
furnaces. After determining the problems encountered by engineers working 
with gas diffusion, BTU designed the DZ series with complete flexibility and 
exclusive controls resulting in the following features: 


w a true temperature flat to specified tolerances. 

w stepless temperature control with controlled rectifiers. 

m@ a tiltable furnace for best results in open end or closed tube diffusion. 
“ optimum insulation for stability. 


® provisions to increase the number of controls for specific results. 


FOR TWO-ZONE 


DIFFUSION 


Model D2Z 
Two Zone Furnace adjustable 25° up 
or down from horizontal 
Single Tube: 2 Zones 214” |.D., 
approx. 72” long 
Thermal Flats: 6” to 12” long 
Maximum Temperature: 
Zone 1: 0° to 1000° +1°C 
Zone 2: 800° to 1400°C 
Tolerance: +2°C for 1300° Operation 
+1°C for 1200° Operation 


FOR SINGLE ZONE 
DIFFUSION 


Model: D1Z DUPLEX 
Two completely independent Single 
Zone tiltable Furnaces mounted on 
one Console. 
Two Tubes; 1 Zone each 214” |.D., 
approx. 48” long 
Thermal Flats: up to 24” long — 
Maximum Temperature: 1400°C 
Tolerance: +2°C for 1300° Operation 
+1°C for 1200° Operation 
Size of Console: 48” W x 48” H x 36” D 
Model 1/2 D1Z available with one 
Furnace on same Console. 
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ENGINEERING CORPORATION 


SEMICONDUCTOR PRODUCTS DEPT. 
179 BEAR HILL ROAD, WALTHAM 54, MASSACHUSETTS, U.S.A, Tel. TW 4-6050 


BTU, THE WORLD’S LARGEST MANUFACTURER OF TRANSHEAT® CONVEYORIZED MULTI-ZONE ALLOYING, FUZING, BONDING, 
BRAZING AND SOLDERING FURNACES FOR THE SEMICONDUCTOR INDUSTRY * OTHER PRODUCTS MANU- 
FACTURED: HELICORES® . . . FINEST HELICAL INTERNALLY WOUND CYLINDRICAL CORE FURNACES 
¢ CLIMATORS@® . . . ENVIRONMENTAL CHAMBERS AND INDUSTRIAL OVENS. 


WHEN IN BOSTON, YOU ARE INVITED TO VISIT OUR NEW PLANT ON ROUTE 128... ''ELECTRONICS HIGHWAY". 
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New applications for Gallium are 


being discovered and 


to meet the growing demand 
for this rare metal, Eagle-Picher 
offers painstaking production 


and dependable supply. 


We offer, also, a complete 
line of Germanium products. 


Since 1843 


THE EAGLE-PICHER COMPANY 
Chemical Division, Dept. SP 5 


GENERAL OFFICES: CINCINNATI 1, OHIO 


u/tra pure Gallium 
from EAGLE-PICHER 
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Eagle-Picher Rare Metal/s 
and Semiconductors 


GALLIUM, ultra pure. 
Metallic crystals, minimum purity 99.9999 % 
Metallic crystals, minimum purity 99.999 % 


GALLIUM SESQUIOXIDE 


—also immediately available 
CADMIUM SULPHIDE 


GERMANIUM DIOXIDE, minimum purity 
99.999 Yo 


FIRST REDUCTION GERMANIUM METAL, mini- 
mum resistivity 5 ohm-cm. 


INTRINSIC GERMANIUM METAL, minimum re- 
sistivity 40 ohm-cm. 


SINGLE CRYSTAL GERMANIUM (undoped) mini- 
mum resistivity 30 ohm-cm. 


SINGLE CRYSTAL GERMANIUM (doped) to 
customers’ specified resistivity. 


SPECIAL SHAPES. Intrinsic Germanium Metal 
for horizontal or vertical crystal growing. Wide 
variety in stock, other shapes furnished to 


customers’ specifications. 
SCRAP GERMANIUM PLAN, Scrap Germanium 


may be returned for economical reprocessing 
under a toll arrangement. 
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-T/I S-C wants senior electro-mechanical 
2 engineers who prefer to pursue projects 


from ideas to end results 


You won’t find frustrating bottlenecks in TI’s 
mmense semiconductor mechanization program. 
Jnhampered progress toward ideal end results is 
ussured because TI permits mechanization engi- 
1eers to stay with their projects from beginning 
0 end. Hence the remarkably short time interval 
yetween conception and production of new TI 
semiconductor manufacturing machines and the 
levices they produce. 

In a broader sense your work will be a coopera- 
ive venture. For at TI S-C you are free to work 
sven in the shop with tool makers, as with all 
ther professional and technical specialists whose 


INTERVIEWS are scheduled for your area. If 
qualified for this position please send confidential 
resume immediately to C. A. BESIO, Dept. 110. 


TEXAS J a5, INSTRUMENTS 


INCORPORATED 


SEMICONDUCTOR - COMPONENTS DIVISION 
POST OFFICE BOX 312 ¢ DALLAS. TEXAS 
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talents will help you convert your conceptions 
into realities. In this ideal working climate your 
challenging assignments will include design, de- 
velopment and evaluation of mechanical, electronic 
and electrical mechanization equipment of widely 
varying types and sizes. 


Requirements include a BS or MS in Mechani- 
cal or Electrical Engineering with emphasis on 
mechanical or servo-mechanism design and at 
least three years in two of the following fields: de- 
sign of semiconductor test equipment, mechanized 
semiconductor machinery, computers, servos. 


whether applying or not, mail coupon for your 
copy of TIps today and learn more about T/I 
Semiconductor-Components division. 


TEXAS INSTRUMENTS INCORPORATED 
Semiconductor-Components Division 
P.O. Box 312, Dept. 110 Dallas, Texas 


4 
| 
| 
| 
| 

Please send me TIps, containing specific facts | 

about now available T/I S-C assignments | 

in my field, and related information. |: 
| 
| 
| 
| 
| 
| 
| 
| 
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NAME 


ADDRESS 
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My professional field is 


My specialty is 


Resin Separator and Regenerator Saves 
up to 90% of Costs of Deionized Water 


Pressure Cartridge Deionizer 
Delivers 18-22 megohm Water 

at Point of Use Developed for use in conjunction with multiple 
installations of Model T-20 and Model PM-8 
deionizers, a Penfield Regeneration Bench 
makes renewal of exhausted resin charges a 
simple in-plant function. Operator needs only 
feed resin into unit, form a slurry, then turn 
master control switch to each cycle — resin 
separation, regeneration, rinsing and proper 
re-mixing. Capacity is two cubic feet, cycling 
time about two hours. Average operating cost, 
including labor and all material, is less than 
30c per cartridge — up to 90% saving over 
outside service. 


The Penfield PM-8 is a monobed deion- 
izer that ‘‘polishes’’ ultra-high purity 
make-up and rinse water at point of use. 
Unique design of top distributor and 
collector well permits flows up to 50 
GPH at less than 4 Ib, pressure drop — 
holds exchange efficiency at 100%. 
Built entirely of plastic to eliminate 
metallic contamination. Sump is clear, 
allowing visual inspection of exchange 
resins. Cartridge unscrews by hand for 
easy resin replacement. Unit also can 
be used as cation exchanger, anion ex- 
changer, water softener, activated car- 
bon filter, oxygen remover or organic 
scavenger. 


Write for fully descriptive 
PENFIELD REGENERATION 
BENCH catalog sheet. 


Write for fully descriptive PENFIELD 
PM-8 DEIONIZER catalog sheet. 


e 
e 
e 
° 
e 
° 
e 
@ 
e 
e 
e 
e 
e 
e 
e 
e 
e 
° 
e 
e. 
e 
e 
° 
e 
e 
e 
© 
e 
e 
e 
e 
e 
e 
e 
e 
e 
e 
e 
e 
e 
e 
e 
e 
e 
e 
e 
e 
e 
e 
e 
e 
° 
e 


CHOOSE SHEESH OHOHEHSHHOHHHSHHHOHSOHHOHOHHSHHOHHEOHSHHHHH TET LE OOS es - peeee eoee 


Weir Washer “‘Polishes’’ Cascading Water 
to 18-22 megohms with Instant Monitoring 


Integral filters and pressure-type 
monobed deionizers enable circula- 
tion of ultra-high purity water 
(18-22 megohms) through multiple- 
partitioned tanks. Parts are trans- 
ferred counter-current to flow 
pattern, with each cascade contain- 
ing purer water. Special weir 
design insures that no stagnation 
can occur. Direct-reading conductiv- 
ity meter, controlled by rotary 
switch, permits instant monitoring 
at three check points — influent, 
deionizer effluent, 

tank effluent. Novel 


clip bar makes re- : A . . 
placing heating ele- New Penfield Pickup makes handling of minute particles a sim- 


ments simple, : : pler, less costly operation. Exclusive design uses air or inert 
obviates. need’ to nitrogen forced through a special eductor tube at 1-2 psi. Nega- 
empty tanks. : tive pressure is created at pick-up point (where standard hypo- 
dermic needles are attached) sufficient to hold germanium, 
silicon or other miniscule parts. To release the held particle, 
operator merely finger-stops an orifice in the pickup, thus creat- 
ing positive pressure. Use of Penfield Pickups eliminates all foot 
switches, solenoids and costly vacuum equipment — also does 
away with troublesome plugging problems. 


Write for fully descriptive PENFIELD PICKUP catalog sheet. 


Revolutionary 
Eductor-Tube Device 
Simplifies Handling of Miniscule Parts. 


CHOSTHEHSOCHSSHEHEOH SHEESH HOHEHEHHHHTEEHHEEE 


Write for fully 
descriptive 
PENFIELD 
WEIR WASHER 
catalog sheet. 
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Penfi MANUFACTURING CO., INC. 
19 HIGH SCHOOL AVENUE, MERIDEN, CONN. 
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Uniformity of 


ature 


improved by close temper- 
2HCT Precision Temperature 


wool is 
Model 


Fiberglass 


control with Honeywell 


Controller, Three Mode Electr-O-Volt Controlier and Magnetic Amplifier 


Temperature Control within 0.05% 
with new 


Model 2HCT-2, single range control unit 
with direct reading analog dial, is avail- 
able in a wide variety of ranges for 
any millivoltage or thermocouple input. 


Honeywell Temperature Controller 


No moving parts . . . magnetic 


converter input 


No stray electrical pickup . . . 
60 cycle rejection of greater than 
6 x 109 


Continuous automatic standardi- 
zation 


Sensitive to change of less than 
1 pv 


Full output power for 12 pv input 
deviation from set point 


Three-mode control available 
using Honeywell Electr-O-Volt 


CER 
EERING THE FUTURE 
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The new Honeywell Precision Temperature Controller, series 
2HCT, operates magnetic amplifiers and similar devices for control of 
saturable core reactor furnaces whose temperature can be measured 
with thermocouples. 


The 2HCT consists of a null balance input circuit with manually 
adjusted set points and a highly stable d-c amplifier. The difference 
between the thermocouple signal and the set point is amplified 100,000 
times to operate control circuits. Proportional band adjustment permits 
a decrease of sensitivity by a factor of 10. 


There are 2 standard models: The 2HCT-2, which is shown above 
at left, and the 2HCT-3, which is designed for noble metal couples, 
covering temperatures from 0 to 3,000°F in 3 steps. Setting to % part 
in 3,000 is accomplished with a direct reading digital dial. 


For applications requiring reset and derivative control functions, 
the 2HCT is used with a Honeywell Three Mode Electr-O-Volt Con- 
troller. Write for 2HCT Specification Sheet to Minneapolis-Honeywell, 
Dept. 56, Boston Division, 40 Life Street, Boston, Mass. 


Honeywell 
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Ultrasonic Machining calls for 


ultra-modern abrasive 


_.. NORB/DE™ boron carbide 


The Raytheon Company, a leading manufacturer of ultrasonic machine tools, recom- 
mends NORBIDE abrasive grain as the ideal cutting agent for ultrasonic grinding applica- 
tions. Ultrasonic Machine Tools convert electric current into mechanical vibrations at rates up 
to 25,000 cycles per second, and drive abrasive against the work with an impact force 
150,000 times the abrasive's own weight. In so doing they can machine an exact counterpart 
of the shaped tool face into the workpiece, as shown here. 


With the tremendous increase in 


the demand for accuracy beyond the » 


range of conventional machining, 
Norton NORBIDE abrasive is a vital 
aid to the exceptionally high precision 


performance of modern ultrasonic | 


machine tools. 

NORBIDE boron carbide grain is 
second only to diamonds in hardness. 
Compared to silicon carbide grain, it 
provides the same degree of finish, 
but being less friable maintains size 
and speed of cut for a much longer 
period of time. 

Ultrasonic machining is of major 
importance in the electronics and 
metalworking industries, as well as 
in the manufacture of intricate jew- 


elry and fine glass and laboratory. 
ware. Materials machined include 


alumina, carbon blocks, ceramics, dia- 


monite, ferrite, germanium, granite, 


graphite, silicon, tungsten, mother-of- 
pearl, sapphire, tool steel, carbide 
and other alloys. Operations include 
shaping, slicing, trepanning, engrav- 
ing, cutting of intaglios, dicing, drill- 
ing and multi-drilling. In all applica- 
tions, on all materials, NORBIDE 
abrasive grain is essential to high 
precision, sharp-edge accuracy with- 
out chipping, distorting or otherwise 
damaging the workpiece. 

Your Norton Man can give you de- 
tails on how ultrasonic machining 
with NORBIDE abrasive may improve 
and economize your production. See 
your Norton Distributor or write to 
NORTON COMPANY, General Offices, 
Worcester 6, Mass. Plants and dis- 


tributors around the world. 
*Trade-Mark Reg. U. S. Pat. Off. and Foreign Countries 


BORON CARBIDE 


G-390 


75 years of... Making better products...to make your products better 


NORTON PRODUCTS: Abrasives + Grinding Wheels * Machine Tools + Refractories * Electro-Chemicals — BEHR-MANNING DIVISION: Coated Abrasives * Sharpening Stones » Pressure-Sensitive Tapes 
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Tunnel Diode Switching Time Measurement 
with Tektronix Type N Sampling Plug-In Unit 


Tektronix 1000 pf 3302 470 2 
Plug-In 
Oscilloscope | 


IME BASE 6 
ne 531A OSCILLOSCOPE uN ee | moa) see? 
‘ & + SPRAY -@ e STABILITY TRIGGER SLOPE 


TRIGGERING LEVEL a“ 
: CS 


Valve for 10-25 ma diodes 
Larger for lower-current diodes 


~3 ft. RG58A/U | in 


~3 ft. RGBA/U 


A convenient low-cost method of testing tunnel (Esaki) diodes 

with nanosecond switching speeds is shown above. A Tek- 

tronix Plug-In Oscilloscope provides both the current ramp 

source for the tunnel diode and the pretrigger for the Type N : — ry | 
Unit. . The N Unit is set up in the usual way — however, the ee Meake erreas sou 
oscilloscope main sweep generator is allowed to free run at ° wincty —snawangm Abt LUM ay 


1. wsec/cm. The + GATE OUT not only triggers the N Unit A rs 


but also provides a delayed current ramp with a low rate of 
A N SAMPLING AUG. “IN UNIT 


change—which allows the tunnel diode to switch at essentially 
its own rate. 


Amabsoosriat “stat Vac 
( ae POSITION 


e, 


<0/ 
¥ SAWTOOTH 


bells etd PORT AbD OREGON Ls y 


NEW Puls. SAMPLING UNIT” 


Pg for all Tektronix Plug-In Oscilloscopes 


ay ue 
—_——= ee 


The new Type N Unit converts your Tektronix Plug-In Characteristics 
Oscilloscope to a Pulse-Sampling Oscilloscope with a rise- 
time of 0.6 nanoseconds, Applications in which the signal 0.6 nsec risetime (approximately 600 mc), 
source can furnish a ‘‘pretrigger’’, such as that shown above, 10 mv/cm sensitivity. (2 my or less amplitude noise.) 
require no additional equipment. 1, 2, 5, and 10 nsec/cm equivalent sweep times 


; j (20 to 50 psec time noise). 
For a completely versatile Pulse-Sampling System, 


, 50-ohm input impedance. 
Tektronix also manufactures a Pulse Generator and : 
Trigger Takeoff, a 60-nsec Delay Line, a Pretrigger 50, 100, 200, and 500 samples per display. 
Pulse Generator, and several useful accessories. Please Sampling rate — 50 cto 100 kc. 
call your Tektronix Field Engineer for complete details +120 mv minimum linear range (safe overload 4 v). 
and, if desired, a demonstration of the Type N Unit or 


Trigger input requirement: +0.5 v, 1 nsec duration, 
the complete System. 


AO nsec in advance of signal. Recovery time is 10 
psec, Counts down from 50 mc. 


Tektronix, Inc. ic $600 


f.o.b. factory 
P. O. Box 500 * Beaverton, Oregon 


Phone Mitchell 4-0161 * TWX—BEAY 311 * Cable: TEKTRONIX 


TEKTRONIX FIELD OFFICES: Albuquerque, N. Mex. « Atlanta, Go. « Baltimore (Towson, Md.) * Boston (Lexington, Mass.) « Buffalo, N.Y. ¢ Chicago (Park Ridge, III.) ¢ Cleveland, Ohio « Dallas, Texos « Dayton, 


e 5 Js Mission, Kan.) e East Los Angeles, Calif. « West Los Angeles, Colif. e Min- 
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Now Sylvania grows 


germanium and silicon 


doped single crystals for you! 


Now device makers can concentrate completely on device 
making! Sylvania grows germanium and silicon single crystals 
to your most exacting specifications. You not only get a guar- 
anteed quality material ready to use; you’re freed of many 
manpower, space and time problems. You’re freed of the cost 
and trouble of buying and maintaining special equipment, 
training manpower, and handling scrap. And you can take full 
advantage of the engineering excellence of the Sylvania staff! 


Germanium single crystals are prepared by either the Czoch- 


ralski or horizontal techniques. Silicon single crystals are pro- 
duced by both the float zoning and Czochralski methods. 


Single crystal slices of either material are also available. 


Resistivity, conductivity type, orientation, lifetime, dislocation 
density, and size are controlled to meet your requirements. 


Sylvania know-how makes these crystals available to you at 
prices that are predictable and attractive. For details, write to 
the Chemical & Metallurgical Division, Sylvania Electric 
Products Inc., Towanda, Pennsylvania. 


Subsidiary of GENERAL TELEPHONE & ELECTRONICS 
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A MILESTONE IN SCIENTIFIC COMMUNICATION 
ADVANCES IN | veines 


Volume 2 


CRYOGENIC — | vounes 


Volume 4 


ENGINEERING | Vinus 


These 5 volumes, the proceedings of the Cryogenic En- 
gineering Conferences held since 1954, form the only 
authoritative collection on the research and development 
to date in this new and exciting field. 


A working tool for industry! 


ROCKETRY e MISSILES 
LIQUEFACTION OF GASES 

FREE RADICALS e SPECTROSCOPY 
ELECTRONICS e MINIATURIZATION 
AIR SEPARATION e PURIFICATION 
INSULATION e ATOMIC ENERGY 


are all vitally affected by the rapid research progress in low- 
temperature technology. 


In order to meet the growing demand for more information about 
Cryogenics, Plenum Press has reprinted Volumes 1-4 in new hard- 
cover editions. 


and presents 


Volume 5 
(Proceedings of the Fifth National Conference on Cryogenic Engineering, 1959) 
for the first time 
Over 250 pages in each volume 
Volumes 1-4 $13.50 each 
$35.00 set 
Volume 5 $13.50 


Detailed tables of contents upon request 


PLENUM PRESS, INC. 


227 West 17th Street e New York 11, N-Y. 
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Editorial... 


Traveling Wave Parametric Amplifiers 


The advantages of traveling wave structures, such 
as transmission lines or waveguides periodically 
loaded with parametric diodes, over structures with 
only one parametric diode, have been pointed out 
repeatedly in the literature. These consist of wide- 
band, non-critical large-gain, low-noise, limited re- 
verse-gain even in the absence of a circulator. A 
useful contribution to the design of such amplifiers 
has recently appeared in the literature (C. V. Bell 
and G. Wade—Trans. IRE-CT, March 1960). In this 
work an infinite transmission line is considered, 
which is periodically loaded with the diodes. Assum- 
ing that modes of propagation exist at the signal and 
‘idler frequencies, the corresponding traveling waves 
must have a periodicity which is determined by the 
diode separation. If L is such separation, 6, is the 
phase characteristic of the unloaded line, and G + 
jB is the equivalent admittance of the diode at the 
frequency in consideration, the phase shift 6, and 
the gain of each traveling wave per diode section 
aL are expressed as follows: 

cos BL = cos B,L. — (B/2) sin B,L 
aL = G sin B,L/ (2 sin BL) 

The first relation is useful for the determination of 
the operating conditions and the second one for the 
computation of the power gain. In fact, in order to 
assure that the signal and the idler frequencies are 
in the pass band, their corresponding phases 6, and 
$; must satisfy the condition 9, + 6; = 2 mx where 
m= 0,1, 2, 3,... This is equivalent to the condition 
that the corresponding group velocities are equal. 

For large band operation the condition must be 
satisfied throughout the desired frequency range. 
This is determined graphically, plotting phase shift 
per section 6; versus normalized frequency for the 
given transmission line. In particular, a convenient 
solution is obtained selecting a bandwidth symmetrical 
with respect to the degeneracy point (where w, = 
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«;). The condition requires, of course, that the pump 
frequency be selected appropriately so that gain oc- 
curs at degeneracy. The same graph is useful to check 
that the sidebands w, + w, and o; + @, are in stop 
bands, since the above frequencies, if in propagating 
mode, would produce a decrease of the magnitude 
of the negative conductance of the diodes and there- 
fore a decrease in gain. Finally the same graph is 
used to assure limitation of the gain in the reverse 
direction, imposing a condition on the phase shift per 
section at the pump frequency. 

The gain per section is found to be the same for 
the signal and the idler frequency and is expressible 
in terms of the amplitude of the variation of the 
capacitance, of the geometric mean of w, and w,, and 
of the characteristics of the transmission line. 


Semiconductor Circuit Design Awards 


The Semiconductor Circuit Design Contest entries 
for the most outstanding Semiconductor Circuit De- 
sign Article, and for the most outstanding Nomo- 
graph related to Semiconductor Circuit Design which 
appeared in SEMICONDUCTOR PRODUCTS be- 
tween April 1959 and March 1960 are now being 
evaluated by the Judges. As soon as a decision is 
reached appropriate announcements will be made. 


New Semiconductor Device Charts 


In the near future our Semiconductor Device Char- 
acteristics Charts will be expanded to include all 
semiconductor devices. Examples of these are electro- 
luminescent devices, detectors, thermoelectric gen- 
erators, thermistors, molecular electronic devices, 
and semiconductor devices that lend themselves to 
ferroelectric and maser applications. Manufacturers 
of such devices are urged to submit product param- 
eter information for publication in our Charts. 


Samuel L. Marshall 
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oOo FULLY AUTOMATIC 
A “GLASS DIODE CAT-WHISKER 
. WELDING MACHINE 
G NUMBER 3349 
L 
A 
S _ The latest in a series of machines 
S. designed sud built by KAMER 
“ meet the requirements of the expand- 
¢' S ing semiconductor industry. 
, Ss 
ts ak AUTOMATIC CAT-WHISKER WELDER 
. “2 For the past twenty-five years KAHLE has | 
supplied machines to Lamp and Tube manu- 


facturers, and to Semiconductor Manufac- 
turers for the past seven. KAHLE’S long and 
varied experience might well prove to be a 
prompt and effective solution to your pro- 


duction problems. 


KAHLE 


ENGINEERING COMPANY 
3322 Hudson Avenue, Union City, New Jersey 
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5 . Success begins by buying very wisely any material or part 

rake that has anything to do with the quality or performance of 

How to your end product. In this business, especially, wise buying 
can be a major contribution to a company’s acceptance and 

sales success. When it’s a matter of buying semiconductor 

“Buy” processing boats and other graphite parts, your wisest source 


selection is United. Here are some important ‘“‘buy-products” 
that make it so. 


Success 1. You get highest purity graphite — guaranteed by United’s 


famous “F” process. This ultra high purity minimizes oxi- 
S h dation and wear; reduces contamination possibilities; assures 
in t e longer service life and lower replacement costs; protects the 
quality and reliability of your products. 


r 
emi- 2. You get matchless machining—United’s mastery of the 
most advanced machining methods—and experience with the 

finest new tools available—results in new heights of high- 


conductor precision and close-tolerance machining for your parts. 


e 3. You get the best R & D—on design of parts, on purity of 
Business graphite, on techniques of machining. Continued research 
and development in all these areas adds up to a United effort 

to help make your products successful in the field, and your 

company’s name preferred. Buy successfully ... buy United! 


Do you have United’s new Semiconductor Graphite catalog? 
Write or phone for your copy .. . or for immediate help on 
any graphite problem. 


/UNITED) carbon products co. 


P.O. BOX 747 BAY CITY, MICHIGAN 
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Esaki or Tunnel Diodes 


WOLFGANG W. GARTNER* 


Part 1 


This survey article discusses the physical effects which produce the electrical characteristics 
of the tunnel diode, outlines design and construction of the devices, describes the electrical 
properties realized thus far, gives diagrams and design equations for d-c bias, oscillator, am- 
plifier and switching circuits, and analyzes in general the potentialities of the new device. 


1. Introduction 


In October 1957, Leo Esaki,‘*) research physicist at 
the Tokyo Tsushin, Kogyo, Limited,'”) Tokyo, Japan, 
submitted a one-page “Letter to the Editor” of the 
Physical Review) describing and explaining the 
current-voltage characteristic of a very narrow p-n 
junction in germanium which exhibits a negative dif- 
ferential resistance over a certain range of applied 
bias. This device has since become known as the 
“Esaki” or “Tunnel” diode“) and several million dol- 
lars have been spent on its civilian and military devel- 
opment in the United States. Commercial availability 
was first announced by the General Electric Company 
and many other companies have followed suit. Fre- 
quent news releases in recent months have sparked 
widespread interest in the device. In this article, we 
shall describe the effect from the phenomenological 
and the theoretical points of view, consider the design 
and construction of the Esaki diode, discuss the per- 
formance of present units and summarize the basic 
proposed applications. 


2. The Effect 


The diode consists of an abrupt p-n junction be- 
tween two very highly doped regions. The total thick- 
ness of the transition region is of the order of 100 A = 
10* cm. A typical d-c characteristic of such a diode 
built in germanium is shown by the solid line in Fig. 1. 
The dashed line labeled “diffusion minus drift” indi- 
cates, for comparison, the characteristic of an ordinary 
p-n junction rectifier of identical geometry but with 
higher resistivities in the p and n regions than those 
in the Esaki diode. The striking features of the tunnel 
diode are: 

a. its high reverse current, higher than the regular 
forward current; 

b. a rapid increase in forward current at very small 
forward voltages, followed by a drop producing a 
region of differential negative resistance. At still 


*Chief Scientist, Solid State Devices Division, U. S. Army 
Signal Research and Development Laboratory, Fort Mon- 
mouth, New Jersey. : 
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— > FORWARD 


—> i/ma 


DIFFUSION 
MINUS DRIFT: 


Fig. 1—Typical tunnel diode characteristic in germanium, 
showing contributions from the four active mechanisms. 


higher voltages, the current increases again and the 
characteristic becomes identical with that of an ordi- 
nary p-n junction diode. 

The voltages at the peak and valley points of the 
current do not vary much between diodes made of the 
same semiconductor. The actual values of the cur- 
rents, however, may differ by orders of magnitude de- 
pending on the design—primarily the junction area 
(see below). 

For active applications, the negative-resistance re- 
gion is, of course, of primary importance. For the 
theoretical interpretation of the underlying mecha- 
nisms, however, a knowledge of which is required for 


(a) Dr. Esaki is presently resident consultant to the IBM 
Laboratories in Poughkeepsie, New York. 

(b) Now known as Sony Corporation, 

(c) We shall use both terms interchangeably. 
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Fig. 2—Electric-field distribution in an abrupt p-n junc- 

tion with a majority-carrier concentration of 4x 101° 

cm? on both sides, for various values of applied forward 
and reverse voltages, v4p 


the formulation of a design theory, we shall consider 
the entire characteristic. 


3. Mechanism 


Four different carrier-transport phenomena super- 
impose to produce the observed I/V characteristic. 

The first two of these are the electron and hole dif- 
fusion (forward direction) and drift currents (reverse 
direction) in the junction which cancel almost com- 
pletely over a wide range of forward and reverse bias 
voltages. The slight disturbance of this perfect balance 
between the two types of current by an applied volt- 
age produces the usual rectifier characteristic of the 
p-n junction (dashed line in Fig. 1). 

From Fig. 1 one observes that the two phenomena 
considered thus far account for only the high-forward 
bias portion of the characteristic. 

An indication of the additional effects present is 
obtained by calculating the bias-voltage dependence 
of the electric field distribution in the junction and 
in particular the maximum field strength in the de- 
pletion layer. For an abrupt junction, Fig. 2 shows 
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the results for various bias voltages. One notices that 
the electric field in the junction is enough to produce 
(a) avalanche multiplication,’ and (b) internal field 
emission.) By carrying out a careful analysis like the 
one given by Chynoweth and McKay,') one concludes 
that avalanche multiplication requires a certain mini- 
mum reverse voltage (a few volts) and does not take 
place in the immediate vicinity of the origin of the 
characteristics. Internal field emission, however, does 


occur. This third effect to contribute to the I/V charac- — 


teristic of the tunnel diode consists of the excitation 
of a valence electron into the conduction band under 
the influence of a high d-c electric field. Several at- 
tempts have been made) to estimate the probability 


of this transition, and it has been found to be approxi- 3 


mately equal to 


number of transitions 


G (unit time) - (volume in which £ prevails) 


(1) 


2 V2imess — 
= (NagE/h bate : 
(Naq /nyexp | Shag ¥ 


where 


N is the density of valence electrons, 
a is the lattice constant, 
E is the electric field strength, 


his Planck’s constant = 6.62 & 107°4 joule.sec (MKS), ~ 
q is the electronic charge = 1.6 * 10°! coul. (MKS), 


Mert is the effective mass of the electron, and 
Eg is the width of the band gap. 


Substituting the following values for germanium: 
N == 1L:8°3<- 10? ma a = 5.7 0 
10°! kg; Eg = .67 ev = 1.07 X 107° watt-sec; we find 


P = 2.484 1034 & EX exp(—2.2018 x 109/E). (2) 


This function is shown in Table I for electric field 
values which are of interest in this problem. If a high 
electric field, E, prevails over a distance, d, the field- 
emission current through a cross-sectional area, A, 


TABLE | 


Number of band-to-band transitions (due to field emission) 
per second, P, in a given volume (in m'°) of germanium in 
which a field, E (in volts.m™), prevails. 


Electric field, 
E, in volts . m* 


Number of transitions, 
P, in sec . m® 


1x10’ 
2x 10° 
3x10’ 
4x 10° 
5x10’ 
6x 10° 
7x10 
8x 10° 
9x 10° 
1x 10° 
5x 10° 
1x10° 


5.91 x 10° 
7.67 x 107 
9.95 x 10° 
1.23 x 10% 
9.32 x 10” 
1.72 x 10° 
3.80 x 10” 
2.21 x 10” 
5.30 x 107 
6.80 x 10” 
1.51 x 10% 
2.74 x 10* 
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% 


perpendicular to the direction of the electric field is 


a 
Z 


Po 


given by 


t = gAdP (3) 

An electric field of 10° volt.em+ active over a dis- 
tance of 100 angstroms e.g., generates a field-emission 
current density in germanium at room temperature of 
approximately 109 amps.cm”. If the electric field E, 
and therefore P are functions of x (as in all junc- 
tions), one must replace this expression by 


AqJP dx (4) 

When the electric-field distribution across the junc- 
tion has been determined by the methods outlined in 
connection with Fig. 2, one may evaluate this integral 
and obtain the field emission current for given impur- 
ity distribution across the junction (in particular e.g., 
for graded junctions as they are frequently obtained 
experimentally). 

From Fig. 2, one observes that in these narrow 
junctions the electric field strength even under ther- 
mal equilibrium conditions is high enough to produce 
internal field emission, although in general the field- 
emission current is much smaller than the balanced 
drift and diffusion currents in the junction (which in 
these narrow junctions lie in the order of 10% to 107 
amps.cm~). The striking feature of the field-emission 
current is its extreme sensitivity to changes in the 
electric field (see Table I). 

As the maximum electric field in the depletion layer 
is given by 

2q 
ike 


i= 


L 


NonPoP | ; 
(non + pop) 


one observes that this field and, therefore, the field 
emission current under thermal equilibrium condi- 
tions, increases rapidly with increased impurity con- 
tent on either side of the junction. Since the field also 
depends on the applied voltage as demonstrated in 
Fig. 2, it is obvious that this current will increase rap- 
idly with reverse bias and vanish rapidly under for- 
ward bias. It has been plotted as a dotted line in Fig. 1, 
and is seen to account very well for the high reverse 
current of the tunnel diode. 

The initial high forward current and the negative- 
resistance region, however, have not yet been ex- 
plained. This portion of the characteristic requires an 
electron current from the n to the p side or a hole cur- 
rent from the p to the n side, which are high at small 
forward biases (most likely present under thermal 
equilibrium) and which drop off as the forward bias 
is increased. Such a current is provided by the fourth 
effect present in the Esaki diode, namely “tunneling.” 

Fig. 3 illustrates the basic principle of the quantum- 
mechanical “tunnel” effect: According to classical me- 
chanics, when a particle with a total energy, E, ap- 
proaches a potential barrier of height, Uo, and width, 
w, from the left, it will either pass the barrier if its 
energy is higher than the barrier (E > U,), or it will 


Ewax | = 


(5) 


VEqg + VAP 
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TABLE Il 


List of Symbols Not Defined in the Text 


maximum electric field strength inside junction 
depletion layer 


© 
mare 


Boltzmann constant 

equilibrium electron density on n side 
equilibrium hole density on p side 
absolute temperature 


applied voltage 


: equilibrium potential difference across junction 


average thermal velocity of electrons 


extension of the junction depletion layer into 
the n side 


extension of the junction depletion layer into 
the p side 


dielectric constant 


be reflected by the barrier if its energy is lower, 
(E < U,). It is one of the important results of quan- 
tum mechanics, however, that even if the particle 
energy is lower than the height of the potential bar- 
rier, there is a certain probability that the particle 
penetrates the barrier, provided the latter is suffi- 
ciently thin and not too high. The tunneling prob- 
ability is given in Fig. 3.‘°) For U, —E=1 ev and m 
equal to the electron mass we find: 

“tunneling” probability 16[E/U,— (E/U,) 7] 

exp (—w 8.3910") 
where w is to be measured in cm. It is seen to increase 
exponentially with decreasing barrier width, w, and 
decreasing (U, — E)?. 

The potential barrier in the case of the tunnel diode 
is given by the electrostatic potential difference, v = 
Uno + vap, between the n and the p sides of the junc- 
tion. (This is clearly seen if one considers that an 
electron must acquire an energy equal to qv if it wants 
to travel from the bottom of the conduction band on 
the n side to the bottom of the conduction band on the 
p side.) Under thermal equilibrium conditions, the 
Fermi level, Ey, is a constant throughout the crystal 
and the corresponding band picture is shown in Fig. 
4a, The carrier densities are approximated by no = 
Noexp — (Ec—Er)/kT and po = Nyexp — (Ey—Ey) 
/kT where No and Ny are the “effective” densities of 


= 


ectaal Mae BARRIER 


DIRECTION OF INCIDENCE: 


—RrEFLECTION Vo 
E 


i—- TRANSMISSION ("TUNNELING") 


TUNNELING PROBABILITY={ 1+[4(E-E5 )] "sinh [wV2m(Uo-E) Aly! 


Fig. 3—Fundamentals of the tunnel effect. 
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states in the conduction and valence bands respec- 
tively and are given approximately by 2.5 <x 10” 
(mes;/m) 3/2 em? in germanium at room temperature. 
From these equations one may estimate the position 
of the Fermi level, Ey, and for noy = 4X10'* cm® one 
finds the Fermi level 0.07ev inside the conduction 
band. When a bias is applied (Figs. 4b and 4c) the 
quasi-Fermi levels for electrons on the n side, o,, and 
for holes on the p side, @,, retain their relative posi- 
tions with respect to the band edges, but they differ 
by the magnitude of the applied voltage, and the 
energy-band scheme adjusts accordingly. One ob- 
serves that for high doping where the Fermi level lies 
inside the bands, the upper edge of the valence band 
on the p side, Eyp, lies higher than the lower edge of 
the conduction band on the n side, Egy, under equi- 
librium, reverse bias and very small forward bias. 
This means that between Evy and Eyp there is a range 
of permissible levels with equal energies on both sides 
of the junction and separated by a barrier whose 
height is approximately equal to the band gap and 
whose width is approximately equal to the width of 
the junction depletion layer, |xy| + |xp]. 
Approximately noyv;,/6 electrons strike 1 ecm? of 
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Fig, 4—Energy-band diagram in germanium tunnel diode 

with an impurity content of 4 x 1019 em on both sides 

of the junction. (A) Thermal equilibrium. (B) 0.2 volts 
reverse voltage. (C) 0.3 volts forward voltage. 


34 


this barrier per second (~ 10%" cm~ sec" in our nu-— 
merical example) and some will tunnel through from 
the n to the p side. The forward tunnel current is 
proportional to the tunneling probability which has 
been seen to depend exponentially on the barrier 
thickness. The latter is proportional (see Fig. 2) to 
(noy + Por) /(NonPor) and one thus realizes that the 
tunnel current will increase rapidly with increasing 
impurity content on either side of the junction. The 
basic model for the tunnel effect in Fig. 3 is too simple 
to yield a quantitative description of the observed 
phenomenon. Some of the complications are listed in 
the following: 

a. The exact shape of the potential barrier is not 
known but has a rather pronounced effect on the tun- _ 
neling probability. > 

b. In a crystal we do not have a continuous range 
of permissible energy levels on the two sides of the 
barrier as assumed in the simple model of Fig. 3. 
Rather, we are concerned with two different ranges 
of discrete levels, the bands, and transitions between 
these are subject to additional energy and momentum 
conservation rules. Further difficulties arise from the 
complicated structure of the band edges involved in 
the transitions. 

c. Serious and not fully known modifications occur 
in the band scheme for highly degenerate material 
and high electric fields. Similarly, the position of the — 
impurity levels near the junction region is uncertain 
but they contribute to the transition probability. 


d. In a number of semiconductors including ger- 
manium and silicon (but not, for example, GaAs, 


GaSb) tunneling involves interactions with pho- 


nons. ‘”) 


Under an applied forward bias the barrier becomes 
thinner which should lead to an increased tunnel cur- 
rent. Actually, however, the opposite is the case: 
Under forward bias the overlapping range of permis- 
sible energy levels on the two sides of the junction 
(between Eoy and Ey, in Fig. 4) drops to zero and the 
bands begin to separate. The consequences of this shift 
in the relative position of the bands have not yet been 
analyzed satisfactorily, but it is known to cause a rapid 
decrease in the number of transitions and thus in the 
forward tunnel current, which vanishes at approxi- 
mately 0.3 volts forward bias in germanium. The “for- 
ward-tunnel” current contribution to the d-c charac- 
teristics of the Esaki diode has been plotted as a dash- 
dot line in Fig. 1, making the explanation of the I/V 
curve complete. Actually there is usually an addi- 
tional contribution to the current at the valley point 
which is of uncertain origin and has been termed 
“excess current.” It has been reduced by improved 
manufacturing techniques. 


One observes that the magnitude of the forward 
tunnel current under equilibrium conditions deter- 
mines the peak current value and largely also the 
magnitude of the negative conductance, which, there- 
fore, increase with increased impurity content. 
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_ 4. Design, Construction and Characteristics ‘®) 
The magnitude of the negative conductance, —1 /R 


= —G, of the diode is proportional to the junction 


-area and increases rapidly with increased impurity 
content on either side of the junction, as has been ex- 


plained earlier. 
For a plane-parallel abrupt junction the capacitance 


is given by 
1 
= eA 134 ie I _ __honPpop | (6) 
| ty =f | xp| 2 \VEQ@ “+ DAP | (Non + Por) ree 


It increases proportionally with the junction area and 
approximately with the square root of the impurity 
density. Thus small capacitance and high negative 
conductance are seen to be two conflicting design re- 
quirements between which a compromise must be 
reached. 

Eq. 6 indicates a non-linear increase of C with for- 
ward bias which is also observed in ordinary p-n junc- 
tion diodes. In the negative-resistance region, how- 
ever, the capacitance, although non-linear, does not 
seem to follow the predicted voltage dependence. ‘®) 
Because of the high shunt conductance exact measure- 
ments in this range are very difficult. 

In a junction with 4 « 101° em® impurities on each 
side, the capacitance will lie between 1.5 and 3 uf-cm? 
depending on the applied bias. The tunnel diode has 
the highest capacitance per unit area among all junc- 
tion devices. 

The internal series resistance of the diode, r, co- 
determines the frequency response and must be made 
as small as possible. This is achieved by a very thin 
and highly doped semiconductor and good ohmic con- 
tacts. 

For high power output the junction area should be 
made as large as the capacitance requirements permit. 

Since the capacitance of the tunnel diode is so large, 
the series inductance in the circuit must be kept ex- 
tremely small if high-frequency operation is to be 
achieved. Typically, for 1 Kmc operation, the series 
inductance must be less than 0.1 muh. Sommers") 
describes a microstrip mount for the diode which ful- 
fills this requirement. In other instances the diode has 
been mounted directly across the ends of a strip line 
or a coaxial cable. 

The common technique for constructing the diode 
consists of alloying a metal pellet onto a wafer of 
highly doped semiconductor material. Sommers?) 
mentions a 3 mil dot of In + 0.5% Ga + 0.5% Zn 
alloyed into 10 ohm-cm germanium doped with 2 « 
10'° em arsenic impurities.) 

The simplicity of the structure indicates that the 
eventual price of the unit will be quite low. Fig. 5 
shows a microphotographic sectional view of a tunnel 
diode. 

The positions of the peak and valley points on the 
I/V characteristics of germanium diodes lie at approx- 
imately 70 and 300 mw respectively. Depending on 
the junction area and doping, peak current values lie 
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Fig. 5—Microphotographic cross section of silicon tunnel 
diode shows original n+-type silicon wafer mounted on 
a metal plate and on the top surface a regrown p-type 
region along with the alloy from which the p+ material 
was grown. Magnification 250x. (Courtesy of N. Holon- 
yak, Jr., and I. A. Lesk, G.E., Syracuse, N. Y.) 


between fractions of a milliampere and amperes. The 
best peak-to-valley current ratios run about 15 to 1. 

In addition to germanium, tunnel diodes have been 
built of Si, GaAs, GaSb and InSb (the last operated 
at 78°K and below). Among these, gallium arsenide 
diodes (scheduled to be marketed by GE in the sum- 
mer of 1960) appear the most promising with peak-to- 
valley current ratios of 60 to 1 and voltage swings to 
Le By 

Negative resistances as low as —1 ohm with a junc- 
tion area as small as 10° cm? (C = 50 unf) have 
been achieved by extremely high doping. Output pow- 
ers range from watts at very low frequencies to micro- 
watts in the kilomegacycle region. Diodes have been 
built which oscillate at a fundamental frequency of a 
few Kmce and which switch in 2 musec. Noise charac- 
teristics are mentioned later under “Applications.” 

The range of permissible operating temperatures for 
the tunnel diode is most likely greater than that for 
any other junction device made of the same material 
because the transition to intrinsic conduction occurs 
at very high temperatures due to the high impurity 
content. In addition, the resistance to nuclear radi- 
ation is also expected to be very high because the 
dominant mechanisms are to a first order independent 
of bulk and surface recombination. Fig. 6 illustrates 
the nuclear and temperature resistance of a ger- 
manium tunnel diode. It must be pointed out, how- 
ever, that even small changes in the characteristics 
due to temperature or other environmental conditions 
have a pronounced effect on small-signal performance 
as will become apparent below. The wide range of 
permissible operating temperatures unfortunately 
does not result in temperature stability of circuit per- 
formance (a characteristic possessed by many other 
semiconductor devices). The wider-bandgap materials 
seem to be superior in this latter respect, as one would 
expect. 
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Fig. 6—Germanium tunnel-diode characteristics under 
nuclear bombardment and as a function of ambient 
temperature. (a) Forward characteristic before, and (b) 
after 101° n.v.t. in the Godiva reactor (Measurements 
taken by F. Gordon, USASRDL, Fort Monmouth, N. J.) 
(c) Forward characteristic at (1) 26°C, (2) 50°C, (3) 
100°C, (4) 160°C, (5) 200°C. Peak current is approxi- 
mately 3 ma, (Measurements taken by M. Schuller, U. S. 
Army Signal Research and Development Laboratory, 
Fort Monmouth, N. J.) (d) Differential negative resist- 
ance of germanium tunnel diode at various temperatures 
measured versus operating point by a bridge method 
(signal amplitude approximately 6 mv). The measure- 
ments were taken by M. Schuller at USASRDL. 
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Equivalent Circuit 


The customary equivalent circuit for the tunnel 
diode is shown in Fig. 7a. Since the negative resist- 
ance arises from an extremely fast process, the low- | 
frequency I/V characteristic holds up to microwave 
frequencies and the only frequency dependence in the 
diode is introduced through its junction capaci- 
tance, C. 

Depending on the package used, one may have 
to include its series (lead) inductance, Ly, into the 
equivalent circuit. . 

Fig. 7b shows some of the symbols which have been | 
proposed for the tunnel diode. 


5. Applications 


D-C Bias Circuit 


To obtain a stable d-c operating point in the nega- 
tive-resistance region, one may use a supply circuit 
such as the one shown in Fig. 8b with the supply volt- 
age, Vz, and the internal resistance of the source, Ro, 
chosen such that the d-c load line intersects the diode 
characteristics at only one point, (I,, V,). The neces- 
sary conditions are shown in the figure. After the 
values for —R and V;, of the diode have been deter- 
mined from a plot of the characteristics, and a desired 
operating point (I,, V,) has been chosen, the equation 
given in the figure is used to find R, and V3. R, is the - 
internal resistance of the source as it presents itself 
at the two terminals. In certain cases it must be very 
low due to the condition R, < R, and it may then be 
realized by a circuit as shown in Fig. 9. It has the 
added advantage that the necessary supply voltage, 
Vz, which usually lies at a few tenths of a volt, may 
be stepped down from any convenient source. Series 
inductances in the supply circuit must be avoided to 
prevent unwanted oscillations. The circuit of Fig. 9 
has the property that any inductance, L’, in the volt- 
age supply, appears at the terminals of the source re- 
duced by a factor of approximately (R’/R’’)?. It may, 
therefore, be used to display the diode characteristics 
on an oscilloscope using a transformer (with induct- 
ance L) as the sweep supply (see Fig. 10). Fig. 11c 
shows how one may completely separate the d-c sup- 
ply circuit from the a-c path by shorting it with a 
very large capacitance C’. 


A-C Circuits 


Fig. 11 shows the two basic configurations for nega- 
tive-resistance oscillator circuits. We shall first con- 
sider the circuit in Fig. 1la. We find that: 


Diode 
@=v0Y/1+7rY) (7) 

where 
Y= —-1/R + jaC (8) 
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Fig. 7—(a) Equivalent circuit and low-frequency char- 
acteristic of the tunnel diode. In the negative-resistance 
region beween peak and valley points, “A” and “B,” the 
curve may be approximated by a straight line with slope 
—R. C is the junction capacitance, r is the equiva- 
lent series loss resistance. (b) Symbols proposed for the 
Esaki diode: General Electric, “t’ for “tunnel”; RCA, 
“_” for “Negative resistance”; 3rd possibility, “A” for 
“Active” diode. 


External Circuitry 
t= —v/Z (9) 
where 
Z=R,+joL (10) 


Setting the two expressions for the current, i, equal to 
each other, we find that oscillations may occur (v# 0) 
only if 

—1/Z=Y/a+4+ryY) (11) 


The imaginary part of this equation yields for the fre- 
quency of oscillation 


w? = 1/(LC) — 1/(RC)? (12) 
and the real part yields for the starting condition 
Rp = —r+ R/O + wR?) (18) 


One notices that R,<R, otherswise no oscillations 
would occur. At the same time, the condition for a 
stable d-c operating point in the negative-resistance 
region would be violated. From Eq. 13 it is apparent 
that the highest frequency of oscillation is achieved 
for R;, = 0, namely 


yee: k _ ae adie 

C Kr Ge V/ ky 
One observes that for high frequency of operation, 
C, R and r of the diode should be as small as possible. 
To achieve oscillations at lower frequencies, it is more 
advantageous to add an auxiliary capacitance, C,, (see 
Fig. 11) rather than increase the inductance, L, be- 


cause due to the reduced L/C ratio of the resonant 
circuit, the output wave form is more sinusoidal. The 


(14) 


Wmaz 
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D-C LOAD LINE 
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(a) 
Ro <R, Vp< Vv, VB = ToRot(V,-IoR) 


Fig. 8—Bias arrangement to obtain stable d-c operating 
point in the negative resistance region. 
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Fig. 9—D-C supply with low internal resistance and low 
internal inductance. 
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Fig. 10—Circuit arrangement for oscilloscope display of 
diode characteristics. (Courtesy M. Schuller, USASRDL, 
Fort Monmouth, N. J.) 


(b) 


Fig. 11—Basic negative-resistance oscillator circuits. 
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frequency of oscillation may then be calculated by 
replacing C by C + C, in the formulae (and neglect- 
ing the effect of r). 

In the circuit of Fig. 11c, we have for the external 


circuitry 
—[1/Rp + 1/(joL)] » (15) 
and one finds in an analogous way 


Ie (1 — r/R). 1 = "r/R? 


ji 


2— 


@ 


GL Dk r/Rr) LC = PC? 
rR(L + r/Rp) 
and 


Rp = [((1 —7r/R)? + 79? wC?]/[(1 — 7/R)/R — rw?C?] (17) 
1 (—r/R) me 
wl (1+ r/Rp) 


One observes that stable oscillations are achieved only 
for 


i (1 — r/R)2/(w2C) + ?C ~ (18) 


Rp >k (19) 


This condition is not in conflict with any requirement 
on the d-c supply circuit which is entirely separated 
from the a-c path. If it is not satisfied oscillations will 
occur and the circuit may be operated as an amplifier 
as explained below. As R,—» one reaches, of course, 
the same maximum frequency of operation as given 
by Eq. 14. Sinusoidal oscillations at lower frequencies 
are again best achieved by adding an auxiliary capaci- 
tance, C,. 


So far we have derived conditions for oscillation 


and expressions for the frequency of tunnel diode | 
oscillators. To complete the circuit-design theory, | 


we would have to add a discussion of amplitude limi- 
tation, power output and distortion. These, however, 
are more advanced subjects which require the numer- 
ical or graphical solution of differential equations”) 
and exceed the scope of this article. As the amplitude 
increases and the instantaneous operating point 
swings deeper into the positive-resistance regions 


adjacent to the negative-resistance range, one finds | 
the transition to the relaxation oscillator which can 
here be analyzed in exact form employing advanced ' 


circuit techniques. '!”? 
As the frequency of oscillation depends on the 


capacitance, C, of the tunnel diode as well as on its 
differential negative resistance, —R, a tunnel-diode — 
oscillator may be tuned by changing its operating — 


point. The non-linearity of the capacitance may also 
be used for frequency conversion and mixing while 
the negative resistance of the diode is simultaneously 
used for oscillation and amplification.) 

Since the voltage swing of the device is limited to 
approximately 0.45v in germanium, 0.75v in silicon 
and 1.2v in gallium arsenide, higher output voltages 
must be achieved by transformation which, however, 


is difficult because inductance values must be kept — 


very low. At high frequencies the permissible junc- 
tion area and thus the current are limited by capaci- 


tance requirements so that output power drops with 


increasing frequency. Because of the small d-c power _ 


requirements on the other hand, tunnel diode oscilla- 
tors operate with high efficiency. 


(To be continued) 
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The Hall Effect 


Applications in Electrical Measurements 


L. BE. FAY III* 


The Hall effect, used for many years as a tool in experimental physics has recently been 
noticed by electrical engineers who were in need of a device having some of the charac- 
teristics of the Hall effect. Modern research in materials and geometrical configuration has 
developed devices of good enough efficiency to begin to be useful in engineering applica- 
tions. This article is a review of most of the simple applications of the Hall effect covering 
the elementary electrical circuit theory upon which these applications are based. 


HE HALL EFFECT, known to physicists since 1879 

has, in recent years, been given considerable atten- 

tion by electronic engineers because of certain very 
interesting properties. 

The Hall effect™ is a galvanomagnetic effect which is 
the solid state analogue to the magnetic deflection of the 
electron beam in a television tube. An electric current, J, 
is passed through a crystal in a direction perpendicular 
to a magnetic field, B. The crystal is usually a thin 
rectangular plate oriented as in Fig. 1. The current 
carriers, either electrons or holes, are deflected according 
to the usual left hand rule in a direction mutually per- 
pendicular to both J and B. Some of the deflected carriers 
pile up at the edges of the crystal and generate an electric 
field which opposes the magnetic deflection. When the 
electric field equals the magnetic force, an equilibrium 
voltage is established across the edges of the crystal, 
which voltage is described as 


e 10°Ryl sB 
J 7 Jee teary 


where ¢ is the thickness of the crystal in cm, Js in amperes 
and B in gauss are as previously described, and Ry, the 
Hall coefficient measured in cm*/coulomb is a propor- 
tionality factor which depends upon bulk properties of 
the crystal such as resistivity and carrier mobility. 
Typical values of Ry are shown in Table I. There are 
correction factors for erystal geometry and size of voltage 
lead contacts. It has been noticed by the author that for 
large soldered voltage contacts, the output voltage for 
crystals cut from the same or comparable bulk material 
(n-type germanium, about three ohm-cm), varied directly 
as the resistance between the leads, while the short circuit 
current remained essentially constant. For any particular 
erystal, an empirical correction factor may be obtained 
or the corrections just absorbed into Ry. A crystal with 
a large fy is desired so a semiconductor is usually used. 
Commonly used materials are silicon, germanium, indium 
antimonide, and indium arsenide.:?” 

From the foregoing considerations, it is seen that the 
Hall voltage is proportional to the product of a driving 
current and a magnetic field. In an electromagnet, the 
*This article was written while the author was with the Ben- 


dix Aviation Corp. He is now associated with the Computer 
Products Division of the Excello Corp., Walled Lake, Mich. 
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Table I 


cm 
Rx (typical) age 


Material 


2xAt 
6b xi 
0.6 x 10° 
0.8 x 10° 


Germanium 

Silicon 

Indium Antimonide 
Indium Arsenide 


effective field at the crystal can be varied in three inde- 
pendent ways: (1) by changing the magnet current; 
(2) by changing the orientation of the crystal in the 
field; (3) by changing the distance from the crystal to 
the magnet. Thus the experimenter has at his control a 
voltage which is proportional to the product of up to 
four independent variables. With so many degrees of 
freedom, a large number of interesting applications 
can be made. 


Simple Applications 
Perhaps the simplest and most straightforward appli- 
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Fig. 1—The Hall effect. 
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Fig. 2—Gaussmeter probes. 
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Fig. 3—Hall effect gyrator. 


Fig. 5—Hall effect distance indicator. 


cation is a gaussmeter. The crystal is mounted on a probe 
so that it may be placed perpendicular to the field to be 
measured (Fig. 2) It is calibrated at some known field 
for one or more currents depending upon the range of the 
output meter. Although theoretically a one-point calibra- 
tion is sufficient, calibration at several fields will reduce 
errors due to nonlinearity introduced by high fields or 
loading of the crystal. When measuring a field, the crystal 
should be rotated slightly to get maximum output for 
that location. This assures that the crystal is perpen- 
dicular to the field. 

The Hall effect may be used as a gyrator® (Fig. 3), 


40) 


“ae 


an interesting example of a nonreciprocal circuit. A 
nonreciprocal device is defined as one which will pass 
information in two directions through the device, (output 
and input terminals may be interchanged) but operates 
upon the information in a different manner in each of the 
two directions. The best known gyrators are the ferrites 
used to rotate the plane of polarization of a wave in a 
waveguide. The Hall effect gyrator reverses the polarity 
of a signal when the input and output are interchanged. 
If a direct current is driven between A and B so that A 


is positive, conditions of magnetic field and carrier-type — 


can be adjusted so that of the output voltage measured 
between C and D, C is the positive terminal. If C and D 
are now made the current or input leads, with terminal 
C positive, terminal A will be the negative terminal of 
the output voltage between A and B. 

Another simple application is in an ammeter, either 
a-c or d-c, which is not a series element in the circuit 
(Fig. 4). The current in the wire induces in the yoke a 
magnetic field proportional to the current. The Hall 
voltage at constant crystal current is proportional to the 
magnetic field and thus to the field current. This device 
will work best at very high currents where conventional 
ammeters are difficult to calibrate and use. 

The fact that the field of a magnetic pole follows the 
inverse square law “ (F7g. 5) can be applied to a Hall 


effect distance meter. Either the crystal or the magnet — 


can be mounted on a movable rod or bellows with the 
other element fixed. Motion of the rod or bellows would 
be detectable in the variations of Vy. 


If the crystal is mounted on a rotating shaft in a 
uniform magnetic field in such a way that electrical © 


contacts are made through slip rings or long wires to 


allow for several revolutions of the crystal, the number | 


of applications increases greatly. The same result is 
obtained if the crystal is fixed and the magnet rotated. 
The effective magnetic field intercepted by the crystal 
varies sinusoidally with 6, the angle of rotation of the 
crystal so that Biyy = Bmax stn 0 or Bizz = Bmaz cos 0 
depending upon the choice of zero point. (F%g. 6). 

The obvious application of this is a low frequency sine. 
wave generator. If some hi-fi fan is boasting too much 
about the bass response of his system, just fasten a Hall 
crystal to the second hand shaft of a clock and let him 
try one cycle per minute. That should stop him. Com- 
mercially, the Hall effect may prove useful in applica- 
tions where a smooth (non-step function) sine wave at 
extremely low frequency is needed because, unlike con-— 
ventional generators, the output voltage is independent 
of rate of rotation. This device can be used as a tachom- 
eter by mounting either the magnet or crystal on the 
shaft and reading the output frequency on an oscilloscope 


or other frequency meter. In the same manner, the — 


home experimenter can make a simple anemometer. 


Analogue Computers 


Continuing into the field of analogue computation, one 


finds the relation Vz = k I Bmaz sin 6 (or cos 6) to be 
potentially useful in several different applications. For — 
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Fig. 6—Rotating Hall crystal. 


example, in the solution of Fourier series one has many 
terms of the form a (cos @ sin ¢ + sin 6 cos ¢) or any other 
sin-cos combination. The rotation is calibrated in two 
scales 90° apart and proportional to @ so that using one 
scale the output reads a sin @ and using the other, a cos 0. 
To solve, a cos @ sin ¢, the crystal current is set to be 
proportional to a and the cosine rotation scale set to @. 
The output reads Vz = ka cos @ = b. The crystal current 
is then set to be proportional to b and the sine rotation 
scale set to ¢. The output now reads Vy = k’a cos 0 
sin ¢. The procedure is repeated for a sin 6 cos ¢. A 
refinement of this unit is to put two crystals in series 
with the crystal current and rotating about the same 
current axis but with the voltage axes rotated by 90° so 
that with only one dial scale one crystal output reads 
cos 6 and the other reads sin 6 (Fig. 7). One can then 
read a cos 6 and a sin @ simultaneously on two output 
meters. 

This configuration can be used in an analogue com- 
puter unit known asa resolver, a device which transforms 
the variables r and 6 of the polar coordinate system into 
the variables x = rcos@and y = rsin@ of the rectangular 
coordinate system. An interesting demonstration of this 
unit is to set a current magnitude (peak of rectified a-c) 
and an angle on the resolver and to read the magnitude 
and angle on an oscilloscope by feeding the two output 
voltages to the x and y plates (Fig. 8). This device can 
‘also be used as a direction indicator. The two phased 
crystals are needed as each crystal shows mirror sym- 
metry in its output if allowed to rotate more than 180°. 

A further refinement of the rotating crystal multiplier 
is to cascade the crystals so that several multiplications 
are performed in one operation (ig. 9). D-C amplifiers 
must be used to drive a succeeding crystal from the 
output of the previous one. With a large selection of 
crystals available, it is possible to choose a crystal of 
high output and proper impedance to directly drive the 
next crystal, which is chosen for low input requirements. 
If each crystal pair in a cascade is mounted with its own 
individual shaft and magnet, n dimensional multiplica- 
tions of the form a sin a cos B cos y... sin nm can be 
performed. Two or three stage units should be quite 
useful in some of the tedious calculations of this type 
made in x-ray crystallography. 
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Fig. 8—Oscilloscope display of resolver. 
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Fig. 10—Oscilloscope display of magnetic hysterysis 
curve. 


Applications With Electromagnet 


If an electromagnet is substituted for the permanent 
magnet, the field B,.a2, becomes a function of the mag- 
netizing current, linear over some range for most magnetic 
materials. The hysterysis curve of the material of the 
core of the electromagnet may be displayed on an 
oscilloscope by putting the magnetizing current (propor- 
tional to H) on the x-axis and the Hall voltage (propor- 
tional to B) on the y-axis. (Fig. 10) This circuit can be 
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Fig. 14—Quadratic computer. 


used in digital computation to register coincidence or 
overlap of events as there is no Hall voltage unless there 
is both a crystal current and a magnetizing current. By 
varying both crystal current and magnetizing current 
over a linear range, a simple analogue multiplier is 
made. (Fig. 11). This can be used alone, so Vg = kI, TI, 
or it may be used to introduce another linear variable into 
the trigonometric multipliers previously described so 
that Ve =k I, I. sin 0. 
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Feedback Effects 

If the magnetic field obtained by loading the output 
with a coil is about the same as the driving field, very 
interesting effects can be obtained by feeding the output 
back into the input. In the back coupled Hall generator™ 
(Fig. 12), a negative resistance device was made by 
driving the voltage output and a coil in series as the load 
of a vacuum tube. The amount of negative resistance is 
controlled by the driving current in the crystal. A variable 
pulse length generator circuit was made with pulse length 
controlled by the crystal driving currents. If a-c crystal. 
current were used, feedback into the driving current 
circuit could be used in much the same manner as in the 
magnetic circuit (Fig. 13). Such feedback devices, 
especially in the negative resistance regions, may have 
wide circuit applications. Frequency response of these — 
circuits, like all Hall effect circuits, is limited by the 
frequency limitations of associated circuit components 
as the Hall effect is frequency independent from d-c 
to far infrared. 


More Computer Applications 


If the Hall crystal is driven by a constant a-c field and 
a variable d-c crystal current (or vice-versa) it becomes 
a modulator, giving an a-c output proportional to a d-c 
input. Modulators are widely used in analogue computers. 

An interesting application of the a-c Hall effect is in 
a computer which finds the real roots or the real part of — 
complex roots of the quadratic equation ax* + bx + ¢ 
= 0 (Fg. 14). This circuit is very similar to the quadratic ~ 
analogue computer often shown to sophomore electrical — 
engineers which uses a linear taper and a square taper 
potentiometer. The constants a, b, and c are set on their 
respective variable transformers. The crystal current is 
then varied to the value at which it reads zero for a real 
root, or reads a minimum for the real part of a complex 
root. Changing b from plus to minus (180° phase shift) 
has the same effect as reversing the sign of z, so the 
crystal current may vary from +2 to —z in the range 
of the device. The device works as follows. V, is propor- 
tional to IJ, a, and B,. However, B, is also proportional 
to Iso V, =k a J*. Vz is proportional to J, b, and Bp. 
If this proportionality constant times B; (also a constant) 
is made equal to k, V; = k b I. V, is set equal to k c. 
Thus, VatVitV.=k (a 22 +b6, +c). The value 
of I at which V, + V; = V. = 0 is a real root of the 
equation. If no null is read, but only a minimum value of 
the voltage sum, it is easily shown that this is the real 
part of a complex root. Set ax? + bx + c = m.a variable 


constant. Now let fm 0=2ar+b.2= =e the real 


Ox 20s 
—b+vVb? —4 F 2 
Part, Of a= Bal sah when « is complex. ae 
a aye 


is positive, indicating that x is a minimum. 


Electrical Instrumentation 


If the crystal and magnetic field are driven by different 
frequency currents, the Hall effect acts as a heterodyne 
generator or mixer (Fig. 18). Ve =k I, sin 6 Io sin 
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ao = wi [cos (8 — ¢) — cos (6 + ¢)]. This device is 
_useful well up into the microwave region. 

A wattmeter can be made using the magnetic field 
_ arrangement as in the Hall effect ammeter and drawing 
' the crystal current from between the lines concerned 
(Fig. 16). As the crystal is a pure resistance, the crystal 
current will be in phase with the line voltage, J; = k V, 
- sin wt, while the magnetic field, derived directly from the 
line current, is in phase with the current, B = k’J, sin 
(wt ++ ¢). So Ve =k” V. J, sin wt sin (wt + ¢) = k” 
V, I, sin wt (sin wt cos ¢ + cos wt sin ¢) = k” V, I, (sin? 


sin 2 wt . tthe 
wt cos dé + ae asin ¢). The d-c component of this is ne 


2a 


igs Qa : 
/ Viz dwt = k" V. Io sik / (sin ods a sin 2 wt 
0 ee 


2 
” a 

: a Ie cos ¢ = " P in watts. In the micro- 
Wave wattmeter (Fig. 17), the Hall effect measures 
E X H = P directly. In the same manner a phase shift 
meter can be made for use with any two signals of the 
same frequency provided that correction is made for the 
inductance of the magnet winding. 

It has been pointed out that when the Hall crystal 
and magnetic field are driven by two different frequencies, 
a heterodyne output is obtained, while if both are driven 
by the same frequency a signal of twice the driving 
frequency with a d-c component equal to the peak value 
of the signal is generated provided both driving currents 
are in phase. If they are out of phase by angle ¢, the a-c 
component of the output is distorted and the d-c com- 
ponent reduced by a factor of 1/2 cos ¢. This information 
has been applied by the Russians “ to make a wave 
analyzer. Two magnets are driven by two signals of the 
same, but variable frequency and shifted in phase so 
that J; = J, sin wt and J, = J, cos wt. The crystals are 
driven in series by the wave to be analyzed, which may 
contain many frequencies at various phase relations. 
One d-c output will read V; = k J, J, cos ¢ and the other 
V2. = kI,I1,sin ¢, so ¢, the phase angle of I, with respect 


sin ¢) dwt = 


to J, can be found as ¢ = tan i and J,, the wt com- 
1 


ponent of the analyzed wave, determined. 


General Circuit Considerations 


Certain aspects of Hall effect circuitry may be a little 
disconcerting to a man trained in vacuum tubes. There 
is no common ground between input and output. The 
output voltage is balanced with respect to a bias point 
which varies directly with the crystal input current. 
This causes considerable trouble in the use of d-c ampli- 
fiers, power supplies, and electronic millivoltmeters. 
Indium arsenide and indium antimonide make very low 
impedance devices, usually about one ohm. Germanium 
and silicon crystals range from a few ohms to a few 
thousand ohms depending upon the shape of the crystal 
and purity of the material. Hall effect devices are current 
rather than voltage operated. At high magnetic fields 
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v= Kile [cose- 9)-cose+9)] 
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Fig. 15—Heterodyne generator or mixer. 


RESISTOR 


POWER LINES- Vy=KVg Ig COS 


Fig. 16—Hall effect wattmeter. 
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Fig. 17—Microwave wattmeter. ‘ 
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Fig. 18—Compensating and calibrating potentiometers. 
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the linearity of the output with field is a function of load 
impedance ranging from positive to negative curvature. 
For indium arsenide the linear load is about seven times 
the internal impedance of the crystal.“ This factor may 
be different for other semiconductors. The maximum 
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usable current is determined by the heating of the crystal. 
As the temperature of the crystal increases, the resis- 
tivity and, as a result, the Hall coefficient varies, causing 
Vz to be non-linear with respect to Js. Maximum current 
is that which causes maximum non-linearity tolerable in 
any particular application. In the case where the voltage 
electrodes are not properly placed, compensating poten- 
tiometers are used to make the zero field voltage equal 
zero (Fig. 18, 19). This condition is a necessity for 
many applications. A calibrating potentiometer is used 
to make the output fit some desired scale. These aux- 
iliary circuits have little effect in the no load case but 
if not chosen carefully will destroy linearity of the 
device upon loading. In a-c applications care must be 
taken to avoid extraneous signal pickup by the leads. 


Three Terminal Hall Effects 


Only the conventional Hall effect configuration has 
been discussed. There is also a three terminal configura- 
tion® (Fig. 20). Three leads are attached to a semicon- 
ductor crystal so they are at the vertices of a triangle. 
The current enters the crystal through one lead and leaves 
through the other two. (This is the simplest case. More 
than one input lead and more than two output leads can 
be used.) In a symmetrical case the currents in the two 
output leads will be equal. Application of a magnetic 
field perpendicular to the plane of current flow will cause 
a deflection of current carriers in a direction mutually 
perpendicular to the direction of current flow and the 
direction of the magnetic field and of a magnitude pro- 
portional to the strength of the magnetic field. Because 
of this deflection, more carriers will appear at one output 
lead than at the other. Depending upon the relation of the 
impedances in the output circuit to the crystal impedance 
either case 1 where RF; is large, and R; and R, are small 
compared to the crystal impedance, the current in one 
_ output lead will increase and the current in the other will 
decrease or case 2 where 3 is small, and R; and R, are 
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Fig. 20—Three terminal Hall effect. 


large compared to the crystal impedance, a voltage 
comparable to the Hall voltage will be developed between 
the output leads. This can be applied almost anywhere 
the conventional Hall effect can and perhaps other 
applications can be found. 


Conclusion 


The writer does not claim originality for most of these 
ideas. Many of them are quite old. If an application has 
been seen in two or more publications, no credit line was 


sasithidl 


given. The writer wishes to thank Mr. M. T. Haddad of © 


the Research Laboratories Division of the Bendix 
Aviation Corp. for assistance in literature survey. 


It is hoped that a paper of this nature may stimulate 


some interest in Hall effect circuit experimenting. 
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Application of Transistors To Video Equipment 


Part 1 


K. HIWATASHI* 


Y. FUJIMURA* 


K. SUZUKI* N. MII* 


This is the first of a series of articles describing developments in the transistorization of 

television transmitting equipment in Japan. The portable camera-transmitter is described 

in this installment. Future articles will treat the sync-signal generator, and the image 
orthicon camera. 


RANSISTORIZED VIDEO EQUIPMENT, such as portable 

camera-transmitters, standard sync-generators 

and field-type image-orthicon cameras have 
been developed at the NHK Technical Research Lab- 
oratory. In fact, any television equipment can now be 
fully transistorized with the use of commercially 
available transistors, because of advances made in 
transistor and circuit techniques. High power hori- 
zontal deflection circuits and uhf circuits, however, 
still present difficulties under the present transistori- 
zation techniques. 


Portable Camera-Transmitter 

The portable camera-transmitter (PCT) shown in 
Fig. 1 is designed for field pickup. It contains ap- 
proximately 120 transistors, a l-inch vidicon (6326), 
a 3-inch picture tube (M-7136), a pencil tube (5876) 
and two high-voltage rectifiers (both 5642). It was de- 
veloped from the pilot type which was manufactured 
in 1955 for experimental purposes and has been effec- 
tively used for televising several special events since 
April 1958. 


PCT Specifications 
The features of this equipment are as follows: 


Weight 18 kg. 
Communicating 0.5 mi. (1.5 mi. with a 
distance directional antenna) 


3 hrs. or more 

2000 mc (video and 
sound) and 153 me (ex- 
ternal synec-signal and 
intercommunication ) 


Operating time 
Radio frequencies used 


Optical system Two 16-mm turret type 
lenses 
Overall signal to 33 db. 
noise ratio 
Resolution 400 lines 


The camera contains a preamplifier, a deflection 


*Television Research Section, NHK Technical Research Labo- 
ratory, Tokyo, Japan. 
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circuit, a blanking amplifier and a view-finder, and is 
shown in block diagram form in Fig. 2. 


Preamplifier 

The preamplifier contains 13 drift transistors and 
has a current gain of 80 db. The schematic diagram of 
aperture correction in the amplifiers is shown in 
Fig. 3. 

With the variable capacity of the emitter properly 
adjusted, the phase compensator (T5) minimizes the 
phase distortion of the high-peaked circuits consisting 
of T6-T7 and T8-T9. 


Fig. 1—Transistorized portable camera-transmitter. 
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Fig. 2—Block-diagram of portable camera-transmitter. 


With these circuits, the overall frequency charac- 
teristic shows a possibility of about 9-db aperture 
correction on 3-4 me. 

The output video signal of the preamplifier, ap- 
proximately 5 ma peak to peak, is fed to the modu- 
lator through the camera cable, and is inserted into 
the intercommunication subcarrier after being 
clamped with delayed HD. The signal output of the 
- modulator then modulates the grid of the 2000-mc 
transmitting tube (5876) with 0.5- to 1-volt signal. 


Sound Modulator 
The schematic diagram of the sound modulator is 
shown in Fig. 4. T5 is a 2.7-mc crystal oscillator, and 
this carrier is amplitude modulated with the audio 


iS) 
HJ32 HIGH PEAKER 


PHASE \ 
CORRECTOR IK IK 


Fig. 3—Schematic diagram of aperture correction. 
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signal of the output of T1. The modulated 2.7-mce sig- 
nal is gated by the delayed HD pulse, which is fed 
into the base terminal of T3. 

The output of the 2.7-me L-C filter, which has the 
waveform shown in Fig. 4, is inserted into the blank- 
ing period of the video signal. The cameraman can 
talk freely with the base station using two ways of 
the time-divided multiplex channels—the 2000-me 
channel and the fm channel (153 mc). 

The 2000-me transmitter of this PCT is frequency 
modulated and uses a circular polarized waveform for 
protection from the multipath interference of micro- 
waves. The frequency modulation is achieved by 
modulating the grid of the transmitter tube. In this 
case the fm deviation is about 2 mc against the video 
input of 0.5 volts. 

The sync-lock is due to the synchronized external 
signal from the base station. Because of the adoption 
of this system, the random disturbance encountered 
in a microwave transmission does not interfere with 
the sync signal of the other camera chain at the base 
station and it permits the mixing of the video signal 
of the PCT in other camera outputs at the base sta- 
tion. 

The external sync-signal, which is a 7.875 ke sine 
wave corresponding to % the horizontal frequency, 
comes from the fm transmitter of the base station 
with a multiplexed sound signal on 153 mc, vhf. This 
syne and sound signal drives the frequency separator 
circuit. The frequency separator circuit shown in 
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Fig. 6—Schematic diagram of 7.875 ke (f,,/2) separator. 


Fig. 6 consists of the RC parallel T circuit and the 
feedback loop T2 and T3. 

Due to transistorization, the size of the frequency 
separator has been reduced to as small as 70 x 25 mm. 
The 7.875 ke sine wave sync signal multiplies its fre- 
quency four times and drives the afe circuit through 
the 31.5 ke crystal filter. The schematic diagram of 
the afe circuit is shown in Fig. 7. The operation of 
this circuit is analogous to that of the corresponding 
electron tube circuit. 


SEMICONDUCTOR PRODUCTS e MAY 1960 


The output of the bridge, consisting of diodes D1, 
D2, D3, and D4, is a d-c signal corresponding to the 
phase difference between the PCT sync and the ex- 
ternal syne. This detected signal drives the reactance 
transistor T6 and controls the frequency of the master 
oscillator T7 to achieve minimal phase difference. The 
reactance transistor T6 is an inductance element and 
its equivalent inductance is 50 mh. 

Series type regulators are used for the power 
source. One is shown in Fig. 8, in which T1 is a series 
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Fig.,7—Schematic diagram of afe circuit. 
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Fig. 8—Schematic diagram of series regulator. 


TABLE I—Interchangeability Chart 


Japanese 
Transistor 
HJ17 
HJ22D 
HJ23E 
HIJ32 
HJ55 
2N158 
2N301 
2T51 
2T71/HI30 
OC16 
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Class of Service 


Audio Amp 
IF Amp 
Convertor 
HF Amp 


Switching 
Audio power 
Audio power 
HF Amp 

HF Amp 
Audio power 


2N34, 2N37, 2N217 
2N78, 2N135, 2N218 
2N219, 2N172, 2N252 
2N247, 2N274, 2N370 
2N219, 2N172, 2N252 
2N158 

2N301 
(NPN)—HJ22D 
(NPN)—HJ23E 


Replace by EIA Type 


Pee ~6v REGULATOR OUTPUT 


-6 aso: i aetee eo ces 


[Sas 
4 


(hours) 


Fig. J—Battery discharge and regulation curves. 
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regulator for —6v; T2 and T3 are for —14v; T4isa 
feedback amplifier; and D1 and D2 are silicon refer- 


ence diodes. 


The overall discharge curve of the PCT in Fig. 9 
shows that the voltage drop becomes less than on the 


order of 10-3, 


The variations of the filament voltage and of the 
electrode voltage of a 1-inch vidicon and that of the 
pencil tube are so small and the stability during oper- 
ation is so high that once the equipment is set, the 
cameraman simply has to control the optical focus 


and the lens iris. 


The power consumption of PCT is 36 watts. 

The base station contains a camera control unit 
(CCU), which is the same as the usual image-orthi- 
con CCU in size, and a 2000 mc microwave receiving 

head including a 150 mc fm transmitter and anten- 


nas. (See Fig. 10.) 


The camera control unit of PCT is usually set and 


Fig. 10—Portable camera-transmitter 
and base station equipment. 


operated with other image-orthicon cameras in the 


(To be continued) 


vehicle designed for remote pickup. 
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APPLICATIONS ENGINEERING DIGEST NO. 36 


Thermistors and Varistors; Victory En- 
gineering Corp., Union, New Jersey. 


Background of Thermistors 


The basic characteristics of semi- 
conductors were discovered and in- 
vestigated over one-hundred years ago. 
As early as 1834, Michael Faraday 
noted and recorded the high “negative 
temperature coefficient of resistance” of 
certain semi-conductors. His discovery 
was nothing more than a curiosity at 
that time. 

Work with temperature sensitive ele- 
ments progressed very slowly for many 
years due to the difficulty of producing 
units with high stability. It was only 
in recent years, after extensive research 
and development work had been un- 
dertaken, that a satisfactory product 
was produced. World War II uses pro- 
vided industry with its first sizable 
production volume and only since that 
time has the introduction of many and 
varied commercial applications of these 
new and versatile units been possible. 


Some Typical Uses of Thermistors 


Temperature Measurement 


Since the resistance of a thermistor 
is an exact and reproducible function 
of the temperature, it makes it an ideal 
device for temperature measurement 
purposes. 

The large change in resistance with 
temperature change enables the associ- 


ated use of relatively simple indicating 
equipment where precision measure- 
ment is not required. 

Figure 36.1 shows how automobile 
manufacturers use a simple series con- 
nection of a thermistor and a heated 
bi-metal indicator gauge to replace the 
older liquid-operated engine tempera- 
ture device. 

High precision measurements can be 
made with a bridge type circuit as 
shown in Fig. 36.2. High resistance ther- 
mistors may be used so that the bridge 
leads do not affect the readings. This 
is an advantage over thermocouples 
which require special compensating 
leads and cold junction compensation. 
Two thermistors may be used in ad- 
jacent arms of a bridge to indicate 
temperature differentials as in very ac- 
curate calorimetric work. 


Temperature Control 


The use of thermistors to control 
temperature is very closely related to 
their use in measurement of tempera- 
ture. In industrial and scientific work, 
temperature control to 0.001° has been 
achieved with the aid of thermistors as 
shown in Fig. 36.3. The ease with which 
the operating point may be adjusted in 
a thermistor bridge is one of the out- 
standing features. Such a bridge is suit- 
able to provide a signal for extremely 
precise servo-type control systems. 

Thermistors have found extensive use 
in aircraft cabin temperature and de- 
icing controls, domestic heating sys- 
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Fig. 36.1—Automobile temperature 
gauge. 


Fig. 36.2—Bridge-type measurement. 


TEMPERATURE 
ADJUSTMENT 


POLARIZED 
RELAY 


Fig. 36.3—Thermistor control circuit. 
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tems, refrigeration, food processing, etc. 
A bridge circuit using two thermistors 
-may be used to control the indoor tem- 
perature and at the same time antici- 
pate the amount of heat required by 
observing the outdoor temperature— 
thus preventing excessive lags in the 
heat supply due to changing outdoor 
temperature. 


‘Transmission Circuit Elements 


One of the most important uses of 
thermistors is in the transmission equip- 
ment field. They are used for such 
purposes as volume limiters, voltage 
regulators, compressors and expanders, 
automatic gain regulators, overload pro- 
tectors, and oscillator amplitude stabi- 
lizers. 

In the case of voltage regulators and 
volume limiters, thermistors may be 


used to stabilize output voltage in cir- 
cuits where there is a considerable 
range of input voltages. If a suitably 
chosen value of resistance is placed in 
series with a thermistor, the voltage 
across the combination can be main- 
tained almost completely independent 
of the current over a wide region of 
values. This principle finds useful ap- 
plication in the voltage regulation of 
alternating or direct current power sup- 
plies where thermistors provide regula- 
tion with negligible distortion. A simple 
circuit, shown in Fig. 36.4, illustrates 
this basic principle. 

In volume limiter devices, the same 
principle is used to provide a constant 
or limiting value of output voltages 
over a specific working range thus en- 
abling thermistor volume regulators to 
accommodate large volume changes 
without producing wave form distor- 


(Circle 198 on Reader Service Card) 
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Fig. 36.4—Thermistor regulating circuit. 


tion. Audio frequency speech circuits 
so designed have important advantages 
over other devices in use. Other uses 
are for compressors and expanders, 
automatic gain regulators, overload ~ 
protection and oscillator amplitude sta~ 
bilizers. 
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Fast Pulse Response Measurements 
Using an Oscilloscope; Lansdale Tube 
Co., Lansdale, Pa. 


Purpose 


The purpose of this project was to 
construct a graph of apparent vs. actual 
rise time of commonly used high speed 
oscilloscopes in order to simplify fast 
pulse response measurements. 


Theory 


The equation governing the rise time 
that is read on an oscilloscope is given 
by: 


X?= a+)? (1) 


where X is the apparent rise time that is 
read on the oscilloscope, 
ais the rise time combination of 
the oscilloscope and the plug-in 
amplifier. 
bis the actual rise time of the 
pulse being measured. 
Solving for “‘b” gives the expression: 


b= VX? — a? (2) 


Procedure 


As an example, assume that an ap- 
parent rise time of 25 millimicroseconds 
is read on a Tektronix type 541 oscillo- 
scope, using a plug-in preamplifier type 
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Fig. 37.1—Actual rise time vs. Apparent rise time as read on 
oscilloscope. 
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53/54C. The actual rise time can be 
calculated as follows: 


2 a,from the manufacturer’s specifi- 
cations is given as 15 millimicro- 
_ seconds, 
Using Equation (2): 


b= VX? —a? 
Substitute the known values: 
b = Vex — 225 
b = v/400 
| b = 20 millimicroseconds 
It can now be seen that the actual 
: 


rise time of the pulse being measured 
is 5 millimicroseconds faster than the 
apparent rise time. 


TABLE I 


Oscilloscope 
53/544 


Type 541,545 


Type 531, 535 
536 


The rise time specifications of some 
commonly used oscilloscopes and pre- 


(Circle 199 on Reader Service Card) 


0.018 sec 


0.035 psec 


Plug-In Preamplifiers 


53/54C 53/54K 


0.015 usec 0.012 usec 


0.035 psec 0.031 usec 


amplifiers combinations are given in 
Table I. 


APPLICATIONS ENGINEERING DIGEST NO. 38 


The Use of Silicon Junction Diodes for 

the Protection of A-C and D-C Meter 
Circuits; Pacific Semiconductors Inc., 
Culver City, Calif. (P. G. Ducker) 


Overlead Protection 


It is an established fact that sensitive 
low range a-c and d-c instruments can 
be easily damaged when their meter 
movements are subjected to overloads, 
on the order of three to four times the 
rated full scale deflection. This prob- 
lem has been solved in the past partly 
by the application of thermal, or similar 
devices, which inherently require a trip 
and/or reset time. 

It has been found that silicon diodes 
lend themselves ideally to this problem 
of overload protection. Being passive 
devices, they have an instantaneous ac- 
tion and do not have a reset time. As 
will be described in the following sec- 
tions, either the non-linear character- 
istics of a forward biased diode, or the 
Zener region of a reverse biased diode 
may be used. 


Protection of D-C Microammeters 


Most microammeters with a full scale 
deflection of 50 pa, have an internal 
resistance of 2000 ohms. This represents 
a full scale deflection of 0.1 volts. Since 
we want the diode to conduct as soon 
as possible to carry the excess current, 
a resistance R, is used in series with 
the meter to increase the terminal volt- 
age to almost that of the conduction 
voltage of the diode. This circuit is 
shown in Fig. 38.1 illustrating a Model 
27 Simpson microammeter with a full 
scale deflection of 50 wa and internal 
resistance Ry of 200 ohms. The value 
of Rs is found from the following equa- 
tion: 


ahead op 
Iu 


where Jy, = Full scale deflection of the 
microammeter, in amps. 
Ru = Internal resistance of meter, 
in ohms, 
Ey; = Point of beginning conduc- 
tion of diode, typically 0.8 
volts. 


Then for our example, 


0.3 


n= — 2000 = 4000 ohms 
50 X 10-6 


Protection of D-C Voltmeters 
Use of Diode Forward Characteristics 


The 50 microampere meter discussed 
in the previous section can be adapted 
to a 20,000 ohm/volt voltmeter by the 
addition of suitable voltage multiplier 
resistors. The circuit is illustrated in 
Fig. 38.2. 


Use of Zener Diodes to Expand the 
Scale of D-C Microammeters and Low- 
Range Milliammeters 


It is sometimes necessary to obtain 
measurements of voltage over a limited 
range. Zero suppressed instruments are 
used for this application, This means 
that all voltages below a certain value 
applied to the meter will not cause any 
movement of the pointer. The meter is 
calibrated so that the lowest voltage 
value takes the place of the conven- 
tional zero. 

The Zener diode can be utilized for 
zero suppression as shown in Fig. 38.3. 
The Zener diode voltage determines the 
threshold voltage of the meter, and the 
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voltage multiplier resistance determines 
the full scale deflection. 

Since the voltage scale is non-linear, 
it is necessary to calibrate the meter 
scale against some known standard. 


(Circle 200 on Reader Service Card) 


PSI60 


Fig. 38.1—D-C microammeter protection. 


PSI60 


Fig. 38.2—D-C voltmeter protection. 


DC MICRO-OR MILLI- AMMETER 


VOLTAGE 
MULTIPLIER 


+ “a 


Fig. 38.3—Zener diode for scale expan- 
sion. 
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TITLE 


PUBLICATION 


CONDENSED SUMMARY 


An Experimental Transistorized 
Artificial Larynx 


Some Design Consideration for 
High-Frequency Transistor Am- 
pliers 

The Measurement of Semiconduc- 
tor Diode Switching Characteris- 
tics 

A New Transistorized Negative- 
Impedance Telephone Repeater 


All Transistor Magnetic-Core Mem- 
ories 


Transistor-Magnetic Control Cir- 
euit for Aircraft Electric Systems 


An Electric Analog of Heat Flow 
in Power Transistors 


Analysis and Design of a Tran- 
sistor Linear-Delay Circuit 


Analysis of Magnetic Amplifiers 
with Diodes 


Power Switching with Junction 
Transistors 


Determination of Safe Power Level 
in Transistor Circuits 


Determination of the Bandwidth of 
Multistage Transistor Amplifiers 


An Elementary Design Discussion 
of Thermoelectric Generation 


Static Current and Voltage Control 
Systems 


Standard Modular System for 
Transistorized Computors 


Magnetic Amplifier for Photocon- 
ductive Cell 


Self Oscillating Frequency 
Changers — 

Protect Transistors Against De- 
structive Transients 


Compound Semiconductors 


A Transistorized L.T. Regulator 
Thermoelectric Cooling 

A Delta Modulation System Using 
Junction Transistors 


Electroluminiscent Cell Application 


Transistorized Remote Control 
Receiver 
Use Power Zener Diodes for 
Protection 


The Tunnel Diode—Its Action and 
Properties 


Transistorized Receiver for Marker 
Beacon Use 
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November 1959 
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(AIKE) 
November 1959 
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November 1959 


Comm & Elecnes 
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November 1959 
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November 1959 


Control Engineering 
November 1959 
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November 1959 
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November 1959 


Elecl Engineering 
October 1959 


Elecl Mfg 
November 1959 


Elecl Mfg 
November 1959 


Elecne App (Philips) 
Vol 19 No 4 


Elecne App (Philips) 
Vol 19 No 4 


Electronic Design 
November 25, 1959 


Electronic Engg (Br) 
November 1959 


Electronic Engg 


(Br) 
November 1959 


Electronic Engg 


(Br) 
November 1959 


Electronic Engg 


(Br) 
November 1959 


Elecne Rad Eng 
November 1959 


Elecne Equiv Engg 
November 1959 


Elecne Equip En, 
November 1959 ia 


Electronics 
November 6, 1959 


Electronics 
November 13, 1959 


A new experimental artificial larynx which re pe ay of 
transistors and miniaturized components is described. 


Problems of interaction between output and input of 
amplifier is illustrated and the two common design ap- 
proaches to a solution of the problem is discussed. 


Test equipment which evaluates the diode in terms of its 
effective Wasel ance at a preselected time after switching 
is described. 

Theary of operation, description, performance, applica- 
tion, and 
variable gain control. 


Properties of special small ferrite cores which were 
developed for use in high-speed transistor-drive memo- 
ries are discussed. 


Combination of semiconductor diodes and transistors with 
square-loop magnetic cores for maximum use of their 
desirable characteristics. 


The electric analog was constructed to facilitate a study 
of instantaneous crystal temperatures under various 
pulsed conditions. 


Some important fundamental limitations on the operation 
and design of the circuit are presented. Experimental 
data are included. 


Analysis and interconnection of basic magnetic amplifiers. 
Analysis of doubler circuit. 


Relationships are presented for preliminary design plan- 
ning in large-signal or pulse applications for control 
circuitry. 


whether or not a transistor is 
e power levels is described. 


Method for determinin, 
being operated with s. 


Method is presented for finding the overall bandwidth of 
two- and three-stage transistor amplifiers. 


Composite view of thermoelectric generation. Thermo- 
couple fundamentals. Thermopile configurations. Design- 
ing with semiconductor materials. 


Design of the generator current regulator, current trans- 
ductor; a magnetic trigger for silicon controlled rectifiers. 


Description of the requirements and design of component 
cards receptacles, contacts, and interconnections. 


A short analysis and rules of thumb are given to facilitate 
the design of practical circuits. Amplifier is described. 


Theoretical discussions of the oscillatory condition, phase 
correction, amplitude control and conversion gain. 


Explanation of how transients penetrate circuitry, and a 
means of avoiding their destructive effects. 


Discussion of important semiconductor parameters; con- 
siderations to compound semiconductors; values of mean 
parameters are given. 


A simple circuit using a transistor and two zener diodes 
is given and its design and performance described. 


Historical background, semiconductor thermocouples, and 
practical applications discussed. 


A delta modulation system operating at a digit frequenc 
of 14 ke is described which provides a simplex speec 
link with good intelligibility. 


The efficiency of some types of EL cell (i.e., the ratio of 
power transformers into visible light to the electrical 
input power) was measured at various frequencies; ap- 
plications discussed. 


Designed for 27 mc range, 4-transistor superregenerative 
receiver operates relay from audio tone modulation of 
transmitted carrier. 


Three circuit for employing diodes for surge protection of 
transistors in d-c to d-c converter. 


Negative conductance property is explained using energy- 
band diagrams. Breakdown characteristics are compared 
with ordinary diodes. 


Circuit description of a super-heterodyne receiver which 
provides both aural signals and airline-type colored lights. 


installation of a series-shunt unit with a 
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New Figure of Merit for Findin. 
Infrared Range 


Transistors in Switching Circuits 


Characteristics of Degenerative 
Amplifiers Having a Base Emitter 
Shunt Impedance 


Diffusion of Oxygen in Silicon 


| 
| rared Studies of Birefri ne 
arte re 


urface-Dependent Losses In Vari- 
ble Reactance Diodes 


remperature Dependence and Life- 
ime in Semiconductor Junctions 


e Effects of Low Fields on 
juminescence of CdS 


Temperature Dependence of Frac- 
tional Velocity Changes in a Ger- 
manium Single Crys 


Light Emission and Noise Studies 
of Individual Microphones in Sili- 
con P-N Junctions 


Two-Terminal Assymetrical and 
ee netrical Silicon Negative Re- 
ce Switches 


Electrical Conductivity of Single 
Crystals of MgO 


Optical Properties of Tin and Lead 
Activated Calcium Metasilicate 
Phosphors 


Cadmium Sulfiide Photoconduc- 
tive Sintered Layers 


The Action of Nickel and Cobalt 
in Electroluminescent Zine Sulfide 
Phosphors 


The Temperature Defendence of 
the Low Level Lifetime and Con- 
ductivity Mobility of Carriers in 
Silicon 


A Modification of the Theory of 
Variation of Junction Transistor 
Current Gain with Operating 
Point and Frequency 
Electrical Properties of Alkali 
Antimonides 


Photoelectric Properties of Alkali 
Antimonides 


Effect of External Illumination 
on Carrier Lifetime in Semicon- 
ductors 


Electron Mobility of Indium Ar- 
senide Phosphide [In(Asy,Pi—y) ] 


Properties of Oxygen in Germa- 
nium 


Hot Electron in n-Type Germa- 
nium 


Phase Equilibria and Semicon- 
ducting Properties of Cadmium 
Telluride 


Surface Recombination of Silicon 


‘Phase Equilibria and Semicon- 
ducting Properties of Cadmium 
Telluride 


The Use of Thermistors in the 
Ebullioscopic Determination of 
Molecular Weights 


Transistor D. C. Converters for 
Fluorescent Lamp Power Supplies 


PUBLICATION 


‘Electronics 


November 20, 1959 


Industrial Labs 
November 1959 


IRE Trans Audio 
Nov Dec 1959 


J1 Appd Physics 
November 1959 


Jl Appd Physics 
November 1959 


Jl Appd Physics 
November 1959 


Jl Appd Physics 
November 1959 


Jl Appd Physics 
November 1959 


Jl Appd Physics 
November 1959 


J1 Appd Physics 
November 1959 


Jl Appd Physics 
November 1959 


Jl Cheml Physics 
November 1959 


Jl Electrochem Soc 
November 1959 


J1 Electrochem Soc 
November 1959 


J1 Electrochem Soc 
November 1959 


Jl Elecncs & Cont (Br) 
August 1959 


Jl Eleencs & Cont (Br) 
August 1959 


Jl Phys Soc Japan 
November 1959 


Jl Phys Soc Japan 
November 1959 


Jl Phys Soe Japan 
November 1959 


J1 Phys Chem Solids 
Volume 12 No 1 


Jl Phys Chem Solids 
Volume 12 No 1 


J1 Phys Chem Solids 
Volume 12 No 1 


Philips Res Repts 
August 1959 


Philips Res Repts 
August 1959 


Philips Res Repts 
October 1959 


Philips Tech Rev 
November 1959 


Philips Tech Rev 
November 1959 


CONDENSED SUMMARY 


AUTHORS 


Range determination in infrared systems is aided by using 
a nomograph to solve for this figure of merit. 


Transistors closely Preece the ideal switch, zero im- 
peaznce when it is ON, infinite impedance when it is 


An analysis is performed on the effect of the impedance 
ae hoa base and emitter on the input impedance of 
e stage. 


The diffusivity and solubility of oxygen in silicon has 
been measured by oxygen diffused in the silicon. 


Permanent and elastic strains in silicon crystals grown 
by the Czochralski technique have been studied by ob- 
serving the crystal birefringence. 


Diode series equivalent resistance component in excess 
of the calculated integrated bulk resistance varies with 
frequency and atmosphere. 


These can be held to a minimum by using material with 
a i oapaalale carrier lifetime below a certain maximum 
value. 


The effect produced on luminescence and conductivity in 
pure CdS crystals by application of electric fields up to 
1000 V/em are reported. 


An ultrasonic interferometer technique is used for meas- 
uring the temperature dependence of relative changes in 
elastic constant has been utilized to study the variation 
of Cu for germanium. 


At low currents in the prebreakdown region only a few 
light emitting microplasmas are present. 


By making use of an emitter region shorted by a metallic 
contact to an adjacent base region a new form of p-n-p-n 
switch is obtained. 


The electrical conductivity of magnesium oxide at temper- 
atures in the region of 1300°C is observed to depend on the 
partial pressure of oxygen surrounding the sample. 


The preparation and optical properties of two new tin- 
activated calcium metasilicate phosphors are described. 


Parameters may be predicted and controlled to give a 
resultant reproducible layer of desired electrical and 
optical characteristics. 


The similarities and differences of nickel and cobalt in 
both blue and green emitting phosphors are discussed. 


Temperature dependence has been found to be consistent 
with that expected from the theory based on a low level of 
injection, a low density of recombination centers, and a 
single energy level for the recombination centers. 


A modification solution is discussed of the continuity 
equation for minority current flow in junction transistors. 


These antimonides can be classified into a group which 
transmits from p-to-n-type with successive activation, and 
a group which remains constantly p-type. 


Photoemission, photoconduction, and optical absorption 
of sodium, potassium, rubidium, and cesium antimonides 
were studied at several stages in the course of prepara- 
ion. 


The lifetime of excess carriers in a nondegenerate semi- 
conductor which is illuminated with light in the funda- 
Rpt ee absorption band and a longer wavelength is dis- 
cussed. 


Electron mobility is calculated using existing evidence 
for the band structure of these materials. 


On heat treatment donors are introduced in the crystal; 
at a higher temperature the donors disappear. 


The non-ohmic current in a many-valley semiconductor 
has been investigated by considering scattering by acous- 
tical and optical modes of vibrations and intervalley 
scatterings. 


The relation is studied between the electrical and optical 
properties of single crystals of cadmium telluride. 


The surface recombination velocity of electrons and holes 
in silicon is investigated by measuring the photovoltaic 
effect of a p-n junction alloyed on a thin silicon wafer. 


Interpretation of the results of the electrical and optical 
measurements. 


Brief description of an apparatus; boiling point being 
measured with a thermistor resistance thermometer. 


Transistors convert d-c into a-c with high efficiency. 
This opens up new possibilities with regard to running 
fluorescent lamps from low voltage d-c. 
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TITLE 


Electronic Surface States and the 
Cleaned Germanium Surface 


Exciton Spectrum of Cadmium 
Sulfide 


Optical Absorption in Pure Single 
Crystal Insb at 298° and 78° K 


A-C Impedance Measurements on 
Insulated CdS Crystals 


Photoconductive and Photoelectro- 
magnetic Lifetime Determination 
in Presence of Trapping. I. Small 
Signals 


Nature of Defects Arising from 
Fast Neutron Irradiation of Sili- 
con Single Crystals 


Crystal Potential and Energy 
Bands of Semiconductors I Self- 
eee tent Calculations for Dia- 
mon 


Electron Emission from Si 
Junction 


p-n 


Correlation Effects in Impurity 
Diffusion 


Electroluminescence at Low Volt- 
ages 


Comments on Microelectrodes 


Semiconductor _Varactors using 
Surface Space-Charge Layers 


The Magnetic Susceptability of 
Bismuth Telluride 


Grinder for Sectioning Solid Dif- 
fusion Specimens 


Three - Dimensional Scintillation 


Dosimeter 


Use of a Diode Ring as a Four- 
Quadrant Multiplier 


Variable Capacitance Diffused 
Junction Diodes 


Counters Using Single Crystal 
Barium Titanate Capacitors 


A Practical Approach to Transistor 
Circuit Design 


Solid State Physics at the National 
Bureau of Standards 


The Determination of Effective 
Carrier Masses and Optical Con- 
stants of Semiconductors 


Diffusion and Recombination Dur- 
ing Measurements of the Drift 
Mobility 


Disintegration of an Exciton by 
Phonons in Atomic Semiconductors 


Investigation of Growth of an 
n-type Semiconductor Layer at 
the Contact Between Cadmium 
and Selenium 


Properties and Structure of Ter- 
nary Semiconductor Systems Part 
VI. Electric and Photoelectric 
Properties of Films of the Sb2Ss- 
BieSs System 


Electrical Properties of n-type 
Als p yp 


Electrical and_ Galvanomagnetic 
Properties of High Purity In Sb 


54 


PUBLICATION 


Physical Review 
November 1 1959 


Physical Review 
November 1 1959 


Physical Review 
November 1 1959 


Physical Review 
November 1 1959 


Physical Review 
November 15 1959 


Physical Review 
November 15 1959 


Physical Review 
November 15 1959 


Physical Review 
November 15 1959 


Physical Review 
November 15 1959 


Physical Review 
November 15 1959 


Proceedings IRE 
November 1959 


Proceedings IRE 
November 1959 


Proc Phys Soc (Br) 
November 1959 


Rev Scientific Inst 
November 1959 


Rev Scientific Inst 
November 1959 


Rev Scientific Inst 
November 1959 


Semiconductor Prods 
November 1959 


Semiconductor Prods 


November 1959 
Semiconductor Prods 
November 1959 
Semiconductor Prods 
November 1959 


Sov Phys Sol State 
November 1959 


Sov Phys Sol State 
November 1959 


Sov Phys Sol State 
November 1959 


Sov Phys Sol State 
November 1959 


Sov Phys Sol State 
November 1959 


Sov Phys State 
November 1959 


Sov Phys State 
November 1959 


CONDENSED SUMMARY 


The larger p-type surface conductivity and field-induced 
surface conductivity of the cleaned surface have been 
measured over the temperature range 77°-300° K. 


The reflectance and fluorescent spectra of hexagonal CdS 
crystals have been measured at 77° and 4.2° K using 
polarized light in the region of 5000A. 


The absorption spectral of single crystal homogeneous 
InSb were measured in the spectral xange 5 to 10 mi- 
crons at temperatures of 78° K and 298° K. 


Induced conductivity measurement were made on crystals 
insulated with mylar and with no charge injection intro- 
duced at the electrodes. 


The photoconductive and photoelectro-magnetic effects of 
impurities in semi-conductors are considered. 


A method is described for determining the range of 
sizes which damaged regions (created by fast neutrons) 
may have in a silicon single crystal. 


Calculation of experimental features of the energy bands 
of diamond and zinc-blend-type semiconductors. 


A junction with a 1-cm diameter and a reverse bias of 
0.1 amp gives rise to an emission current around its 
perimeter of the order of 10-1* amp. 


Expressions are developed giving the correlation factor 
for an impurity diffusing in an otherwise pure lattice. 


Electroluminescence occurs in activated ZnS then films 
at 1.5 volt rms corresponding to electron energies less 
a ihe band gap and mean energy of the photons 
emi i, 


Metal and fluid-filled electrodes are discussed. Includes 
transistorized head-stage. 


A family of semiconductor devices characterized by a 
voltage-sensitive capacitance that resides in the space 
charged region at the surface of a semicoductor bounded 
by an insulating layer is proposed. 


Measurements of the susceptability of BieTes over the 
pempetane range 100°K to 600°K with magnetic field are 
reported. 


Useful for specimens in which the average diffusion 
distance is a very few microns. Descriptive of instru- 
ments and evaluations. 


A dosimeter for electron beams has been constructed 
which utilizes the luminescence of plastic phosphors under 
electron bombardment. 


Operation is analyzed theoretically, 
tests are described. An accuracy 0 
input levels up to 150 mv. 


and experimental 
1% is obtainable at 


The space charge layer capacitance has been calculated 
for some impurity distributions which are characteristic 
of diffused junction devices. 


Uses the single crystal as the key element of the charging 
circuit and a unijunction transistor as the discharge device. 


Approximate design equation are developed from the 
basic equivalent circuit of the transistor. 


Outline of program in semiconductor materials and device 
measurements and investigations at the National Bureau 
of Standards. 


The problem of the experimental determination of car- 
rier masses in semiconductors was examined from the 
view point of the Fermi Fluid Theory. 


Criteria were obtained for the applicability of the sim- 
plified formula for calculating the mobility in the case 
of one-, two-, and three-dimensioned propogation of 
carriers introduced. 


Some of the laws governing the disintegration of Mott’s 
exciton into an electron and a hole by means of acoustical 
phonons are explained. 


Results of this work can be used to calculate the thick- 
a rte the n-type semiconductor layer in a selenium 
rectifier. 


Results obtained are compared with semiconductor proper- 
ties of large pieces of material from this system. Effect of 
thermal treatment is considered. 


Investigations are made of the specific electrical conduc- 
tivity, Hall Effect, and thermoelectric power over a wide 
temperature range. 


Results of an investigation of the electrical conductivity 
and Hall Effect in high purity indium antimonide over a 
wide temperature range, and in magnetic fields from 60 
to 25,000 oersteds. 
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PUBLICATION CONDENSED SUMMARY AUTHORS 
The Thermoelectric Properties of Sov Phys State A sharp variation of the thermal emf at the meltin, int A. I. Blum 
InSb and GaSb Compounds During November 1959 was observed, together with a complex tem renee. “de- G. P. Ryabtsova 
Melting and in the Liquid State pendence of the thermal emf during. felting. 
Thermoelectric Properties of Gal- Sov Phys State The thermoelectric pro i i 

‘ ni : perties of varying degrees of A. I. Blum 
lium Antimonide (GaSb) November 1959 purity were investigated over the Eapeinture range 
from —190 to +600° C. 

The Dependence of the Electrical Sov Phys State The usual vacuum method is unsuitable for such a study. K. P. Zuev 
ny ie ot nie on November 1959 A nected for investigation at normal atmospheric Lae 
- sure and in a eci tial f 
2 a ae peat specific partial pressure of oxygen was 
The Efficiency of Thermoelectric US Govt Res Reports The thermoelectric effects and the efficiency of a thermo- J. M. Borrego 
Generators September 11 1959 electric generator are described. z H. A. Tydeu 

OTS $2.25 PB 151748 J. Blair 


peewial Preparedness Study on 


ed Semiconductor Devices 
5&9 


Annealing of Radiation Damage 


in Semiconducting Devices 


dence 


An Experimental Semiconductor- 
Parametric Amplifier at 


Diode 
S- 


Application of PNPN Triodes to 
etic Core Memories 


Design of a Triple-Gated-Coinci- 


Summing Circuit 


Band Frequencies 


The Hall Generator as an Analog 


Multiplier 


‘Engineering Services on Transis- 
tors 


Statistical Plan for the Transistor 


Inter- 


Research & Development “Alpha- 
Greater-Than-One” 


vices 


Investigation of Microwave Du- 
hanisms 


Laboratory Experiment 


plexer Switching Mec 


Final 


Radio Chemistry Section, Compo- 
nents & Techniques Laboratory 


Solid 


Ohmic Contacts and Preliminary 
Conductivity Measurements on 


Engineering Report 


State Diffusion 


dmium Sulphide Whiskers 


Research Directed Toward the In- 
vestigation of Silicon and Silicon 


Carbide Surfaces 


Lattice Specific Heats Near 0 De- 
ees K with an Application to 


rmanium 


Investigation of the Surface States 


on N-Type Germanium 


Oxygen Impurity in Silicon Single 


Crystal 


Studies on the Mechanism of Elec- 


troluminescence 


Electronic Properties of Semicon- 


-ductor Materials 


Industrial Preparedness Study on 
Diffused Semiconductor Devices 


5 and 9 


Characteristics of Photoconductive 


Detectors 


Silicon De- 


U S Govt Res Reports 
September 11 1959 
LC $3.00 PB 137163 


U S Govt Res Reports 
September 11 1959 
LC $7.80 PB 140729 


U S Govt Res Reports 
September 11 1959 
LC $7.80 PB 140728 


U S Govt Res Reports 
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LC $13.80 PB 140730 


U S Govt Res Reports 
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U S Govt Res Reports 
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U S Govt Res Reports 
September 11 1959 
LC $12.30 PB 139660 


U S Govt Res Reports 
September 11 195: 
LC $3.30 PB 139516 


U S Govt Res Reports 
September 11 1959 
LC $4.80 PB 137062 


U S Govt Res Reports 
September 11 1959 
LC $6.30 PB 140807 


U S Govt Res Reports 
September 11 1959 
PB 139508 LC $16.80 


U S Govt Res Reports 
September 11 1959 
LC $7.80 PB 140826 


U S Govt Res Reports 
September 11 1959 
LC $4.80 PB 140824 


U S Govt Res Reports 
September 11 1959 
LC $12.30 PB 140929 


U S Govt Res Reports 
September 11 195: 
LC $3.30 PB 140823 


U S Govt Res Reports 
September 11 1959 
LC $6.30 PB 140900 


U S Govt Res Reports 
September 11 1959 
LC $15.30 PB 137271 


U S Govt Res Reports 
September 11 1959 
LC $3.30 PB 137134 


U S Govt Res Reports 
September 11 195 
LC $9.30 PB 139585 


U S Govt Res Reports 
September 11 1959 
LC $6.30 PB 137070 


U S Govt Res Reports 
September 11 1959 
LC $3.00 PB 137162 


U S Govt Res Reports 
September 11 1959 
OTS $.75 PB 151728 


This report includes summary of the design considera- 
tions, a description of the manufacturing techniques 
developed for production and statistical evaluation of 
state of the art samples. 


Experiments to determine the effects of radiation upon 
silicon carbide diodes. 


A shunt current pulser using trinistors (p-n-p-n triodes) 
appears promising as an efficient driver. Trinistors have 
two states ON (low Z) and OFF (high Z). 


Introduction and outline of the ionization chamber as a 
source of input to the proposed circuit. The design 
approach is explained. 


A parametric amplifier was constructed which used a 
1N263 diode as a nonlinear reactance element. The signal 
frequency was near 2800 mc and the pumping frequency 
near 5600 mc. 


Accuracies of 1% of full scale can easily be attained. 
This anticipates that a further study of the error problem 
will materially improve accuracy. 


Optional measurements of vapor adsorption on silicon 
microwave transistor. Boron diffusion by means of a 
boron trichloride source. 


The object was to determine if the three laboratories 
participating in this test agreed substantially with respect 
to them mean level of six test parameters. 


A proposal for achieving a negative resistance diode 
structure based on point contact transistor action. 


Experiments were performed to determine the free 
electron removal processes in water vapor, in mixtures 
of water vapor in helium, or argon gasses alone. 


Experiments with materials arsenic doped silicon, electron- 
irradiated sodium nitrate and electron-irradiated calcite 
for two-level solid-state maser use have been performed. 


The report describes the work performed on the studies 
of a void zone purification apparatus for purifying silicon 
Beale wne and the decomposition of this material to 
silicon. 


A method for making junctions in silicon by solid state 
diffusion is presented. Employs a fused silica tube ex- 
tended through two controlled temperature zones. 


A method is developed for handling and putting electrical 
contracts on Cadmium sulfide whisker crystals. Sput- 
tered platinum contacts are found to have an ohmic 
response on cadmium sulfide whiskers. 


Silicon Carbide surfaces cleared in ultra high vacuum 
by argon-ion bombardment 1000° C heating absorbs oxy- 
gen at room temperature with a sticking coefficient of 
the order of 0.01. 


Formulas for the low temperature lattice specific beat 
are developed on the basis of the general adiabatic and 
harmonic assumptions, independently of special models 
or numerical procedures. 


The studies of semiconductor surface phenomena over the 
past few years has developed a surface model which 
postulates the existence of two types of surface states 
separated by a thin layer of oxide. 


Comparison of the lattice constant and density of ‘‘pure”’ 
silicon crystal and oxygen contaminated crystal favors 
the substitutional position of oxygen on the silicon lattice 
rather than the interstitial. 


Digests coverage to date in the form of listings, reports, 
and papers previously submitted on the subjects. Also 
new “ep sila involving variable frequency and electro- 
luminescent powders as semiconductors. 


The lifetime of minority carriers injected either from 
point-contracts on p-type silicon increases with an in- 
crease in temperature above room temperature. 


Techniques and modification for fabricating germanium 
devices to meet the requirements per SD project 509-77 
(PROP) for Devices 5 & 9 have been developed. 


A description of the basic characteristics of photoconduc- 
tive detectors is given to aid in the interpretation of data 
obtained in photoconductive research and experimentation. 
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PATENT REVIEW" 


Of Semiconductor Devices, Fabrication Techniques and Processes, 


and Circuits and Applications 


The abstracts appearing in this issue cover the inventions relev 
Dec. 10, 1957 to Jan. 14, 1958. In subseq 
will be presented in a similar manner. 
REVIEW will appear periodically, the 


December 10, 1957 

2,815,608 Semiconductor Envelope Seal- 
ing Device and Method—L. C. Thomp- 
son, Jr. Assignee: Hughes Aircraft Co. 
The apparatus and method with which 
a resilient electrode may be placed in 
electrical contact with the surface of a 
semiconductor body to provide repro- 
ducible electrical characteristics. 


2,815,179 Transistor Push-Pull Amplifier— 
R. Gittleman, J. Tellerman. Assignee: 
American Bosch Arma Corp. A circuit in 
which two similar type junction transis- 
tors are connected in push-pull combi- 
nation to provide a Class A circuit op- 
erating from a single ended source. 


2,816,220 Frequency Converter—H. C. 
Goodrich. Assignee: Radio Corporation of 
America, A semiconductor frequency con- 
verter in which the oscillatory wave is 
developed without utilizing an external 
feedback path said converter providing 
substantial conversion power gain. 


2,816,228 Semiconductor Phase Shift Oscil- 
lator and Device—H. Johnson. Assignee: 
Radio Corporation of America. A device 
comprising a body of semiconductor ma- 
terial having alternate zones of opposite 
conductivity type, a semiconductor delay 
line integral with one of these zones, 
said delay line including a plurality of 
series connected filaments of semicon- 
ductor material and p-n junction portions. 


2,816,230 Blocking Oscillator Circuit— 
J. E. Lindsay. Assignee: Radio Corpora- 
tion of America. A blocking oscillator cir- 
cuit comprising a transistor, regenerative 
feedback means between the collector 
and base electrodes, a rectifying device 
connected with the emitter, and a time- 
constant network for the circuit con- 
nected with the rectifying device. 


2,816,232 Germanium for Infra Red Detec- 
tor—E. Burstein. Assignee: United States 
of America (Navy Department). A device 
for detecting long infra-red radiation, 
said device consisting of a specimen of 
germanium having a zinc impurity con- 
centration between 10" and 10 atoms of 
zine per cubic centimeter, means for 
maintaining the specimen at temperatures 
near O°K., and means for determining 
the energy level of the specimen, 


2,816,234 Radiant Energy Detector—S. G. 
Ellis. : Assignee: Radio Corporation of 
America. A method for the detection of 
radiant energy comprising the orienta- 
tion of a photosensitive crystal such that 
*Source: Official Gazette of the U. S. Patent 
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the glancing angle of incident radiation 
is the Bragg Angle and recording a change 
in a physical characteristic of said crystal 
in response to said radiant energy. 


2,816,237 System for Soupling Signals Into 
and Out of Flip-Flops—D. H. Hagerman. 
Assignee: Hughes Aircraft Co. A system 
adapted to couple signals into and out of 
a transistor flip-flop and; which will allow 


a single slip-flop: to supply intelligence — 


signals simultaneously to 25 or 30 gates. 


2,816,238 Electronic Switches—G. Elliot. 
Assignee: General Dynamics Corp. An 
electronic switch comprising a semicon- 
ductive device having first and second 
junctions in series with the circuit to be 
closed, said switch being actuated by 
application of suitable potentials to a 
control electrode of the semiconductor 
device. 


2,816,260 Regulated D.C. Power Supply— 
D. G. Scorgie. Assignee: United States 
of America (Navy Dept.). A voltage regu- 
lator comprising two full wave magnetic 
amplifiers having two cores. saturated 
alternately upon successive half cycles 
of an alternating voltage, and a control 
circuit including a diode that is poled 
so that current will flow when the zener 
breakdown voltage is exceeded. 


2,816,283 Semiconductor Null Detector— 
M. C. Steele. Assignee: Radio Corporation 
of America. A null detector comprising 
a semiconductor double diode in which 
a pair of zones of one conductivity type 
is separated by, and contiguous with, a 
zone of the opposite conductivity type; 
and in which the middle zone can be 
greater than the diffusion length of the 
carriers of the semiconductor. 


December 17, 1957 

2,816,847 Method of Fabricating Semicon- 
ductor Signal Translating Devices—W. 
Shockley. Assignee: Bell Telephone Lab- 
oratories. A method. of producing a semi- 
conductive body having a zone of con- 
ductivity type opposite to that of the 
bulk of the body, said method consisting 
of applying to one face of a germanium 
or silicon body a coating of conductivity 
type determining impurity, directing an 
electron beam against said coating to 
effect diffusion of said impurity into the 
material, and forming a predetermined 
configuration of opposite conductivity 
type upon said surface. 


2,816,850 Semiconductive  Translator— 
H. E. Naring, Assignee: Bell Telephone 
Laboratories. A means of inhibiting the 
formation of deleterious leakage paths 
= semiconductor devices of the junction 
ybe. 


ant to seenicont ee Has 
uent issues, patents issued from Oct. 15, 1 0 date 
After bringing these abstracts up to date, PATENT 
treatment given to each item being more detailed. 


2,816,964 Stabilizing Means for Semicon- - 
ductor Circuits—L. J. Giacolletto. “As- | 
signee: Radio Corporation of America, — 
A translating circuit in which the emitter — 
current of a stabilized transistor is main- — 
tained at a constant value despite circuit 
or environmental changes. 


2,817,046 Filament Bar Casing and Method 
of Making Same—S. I. Weiss. Assignee: 
None. A casing for a, filament bar of 
semiconductive material comprising a cup 
shaped glass housing haying a mouth, a 
glass member, a cavity defined between 
the base member and the casing, a metal 
member embedded in solidified powdered 
glass and extending around the cavity, 
a pair of holders in the housing and a bar 
of semiconductor material positioned at ° 
its ends on said holder. 


2,817,047 Dry Contact Rectifiers—E. A. 
Richards, L. J. Ellison: Assignee: Inter- 
national Standard Electric Corp. A  se= 
lenium rectifier assembly comprised of 
rectangular plates pierced with a row of © 
holes along each major edge, and means ~ 
for stacking a number of plates with in- 
tervening spacing and electrical bus bars — 
between parallel pairs of edges of each 
adjacent pair of plates. 


2,817,048 Transistor Arrangement—E. 
Thuermel, K. Sieberty, H. Henker, D. 
Enderlein. Assignee: Siemens and Halske 
Aktiengessellschaft (Germany). A tran- 
sistor arrangement comprising a casing, 
an electrode in good heat conducting con- 
nection thereto, an insulating layer be-. 
tween the transistor and the casing, said | 
layer forming the dielectric of a capaci- 
tor, said casing forming one coating of 
said capacitor, and a metallic part forming 
the other coating of the capacitor. 


2,817,057 Resistive Reactor—H. E. Holl- 
man. Assignee: None. A device that uti-: 
lizes a nonlinear impedance to control 
currents over a wide frequency range.. 


December 24, 1957 

2,817,607 Method of Making Semicon- 
ductor Bodies—D. A. Jenny. Assignee: 
Radio Corporation of America. A method 
of forming a p-n rectifying junction 
within a semiconductor body by diffusion 
of an impurity-yielding material into: the 
body at a temperature below the melting: 
points of both the body and the impurity 
yielding material. 


2,817,608 Melt-Quench Method of Making 
Transistor Devices—J. I. Pankove. As- 
signee: Radio Corporation of America. A. 
method of making semiconductor devices 
by melting a longitudinal portion of a 
crystalline semiconductive filament, main- 
taining another longitudinal portion of 
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said filament in its solid state, and 
quenching the melted portion by refreez- 
ing at a cooling rate of at least 500°C per 
second so that solidification starts at the 
unmelted cool end and proceeds to the 
other end, thus forming a pair of spaced 
parallel p-n rectifying barriers. 


2,817,609 Alkali Metal Alloy Agents for 
Auto-Fluxing in Junction Forming—W. P. 
Waters. Assignee: Hughes Aircraft Co. A 
method of fusing a metal alloy pellet to 
a region of an active impurity-doped 
semiconductor starting crystal, said alloy 
peng as its own fluxing agent. 


2,817, 613 Semiconductor Devices with Al- 
loyed Conductivity-Type Determining 
Substance—C. W. Mueller. Assignee: Ra- 
‘dio Corporation of America. A device 
having at least two p-n junctions in 
which the conductivity of the materials 
between the junctions is greater in an 
ie adjacent to one junction than in an 
area adjacent to the other junction, and 
ie. which said junctions have different 
characteristics. 


2,817,715 Amplifier Circuit Having Linear 
and Non Linear Amplification Ranges— 
F G. Blake. Assignee: California Research 
Corp. Means for suppressing the peaks of 
a voltage wave entering an amplifier and 
‘means for expanding the peaks at the 
output to reproduce the wave shape. 


2,817,761 Transistor Oscillator Circuits— 
-H. E. Hollman. Assignee: None. A tran- 
-sistor oscillator including a transistor that 
‘exhibits non-linear transfer characteris- 
tics in response to a periodically varying 
applied voltage, and means for feeding 
back a portion of the oscillatory energy 
developed by a resonator, said feed-back 
-occurring in a nonlinear fashion. 


2,817,771 Pulse Height Discriminator—J. M. 
-Barnothy. Assignee: Research Corp. A dis- 
eriminator unit that may be transferred 
between the highest and lowest channel 
of an amplitude channelizer without re- 
quiring alteration or calibration. 


2,817,772 Pulse Switching Apparatus— 
W. S. Lee. Assignee: United States of 
America (Navy Dept.). Apparatus having 
a single input and a plurality of outputs 
selectively controlled by a plurality of 
crystals, one of which is permitted to 
pass the input signal to its respective 
output in accordance with a switch posi- 
tion selected by a remotely placed switch. 


2,817,797 Rectifier—W. J. Coyle. As- 
signee: United-Carr Fastener Corp. A 
hermetically sealed rectifier assembly 
which has internal spring means bear- 
ing rectifier plates into position and com- 
pleting an electric circuit thereto. 


2,817,798 Semiconductors—D. A. Jenny. 
Assignee: Radio Corporation of America. 
A device consisting of a single crystal 
body of an alloy of germanium and at 
least 1% semiconducting silicon, and at 
least one rectifying electrode connected 
to said body. 


2,817,799 Semiconductor Devices Employ- 
ing Cadmium Telluride—D. A. Jenny. 
Assignee: Radio Corporation of America. 
‘A device comprising a body of semicon- 
ductive cadmium telluride having a 
p-type region, the conductivity of which 
is determined by trace amounts of im- 
purity centers of the atoms of at least 
one element of group IIIa and Va of the 
periodic system. 


December 31, 1957 

2,818,361 Heat Treatment of Silicon Tran- 
sistor Bars—R. E. Anderson, W. L. Medlin. 
Assignee: Texas Instruments. A method of 
making transistor bars by forming a 
grown silicon junction bar having: an 
n-type antimony-doped collector portion, 
a thin p-type aluminum doped base por- 
tion, an n-type arsenic doped emitter 
portion; and heating said bar to about 
500°C for a period between 15 minutes 
and two hours. 


2,818,470 Compensated Transistor Circuit— 
A. Busala, L. A. Meacham. Assignee: Bell 
Telephone Laboratories. A transistor cir- 
cuit that maintains the transmission level 
of a plurality of telephone subscribers 
substantially constant regardless of the 
loop length and the range of loop cur- 
rents. 


2,818,531 Electroluminescent Image De- 
vice—S. C. Peek, Jr. Assignee: Sylvania 
Electric Products, Inc. An image produc- 
ing device comprising an electrolumines- 
cent phospor layer, a series of conducting 
lines on one side of said layer, another 
series of lines on the opposite sides of 
the layer and at an angle to the first set 
of lines, and a rectifier connected to each 
of the lines in at: least one of said series. 


2,818,536 Point Contact Semiconductor De- 
vices and Methods of Making Same—J. N. 
Carman, Jr.; E. E. Maiden. Assignee: 
Hughes Aircraft Co. In a point contact 
device, a whisker element comprising a 
resilient molybdenum wire pointed at one 
end, and a layer of elemental indium 
plated over the pointed end. 


2,818,537 Germanium Diodes—H. Wolfson. 
Assignee: International Standard Electric 
Corp. A crystal rectifier comprising a 
crystal of germanium, a low-resistance- 
contact base electrode, a thin contact film 
of an alloy of germanium and lead or 
tin, said film covering a part of the crys- 
tal surface, and a catwhisker electrode 
making contact with said film. 


January 7, 1958 

2,819,191 Method of Fabricating a P-N 
Junction—C. §S. Fuller. Assignee: Bell 
Telephone Laboratories. A method of pro- 
ducing stable p-type silicon which com- 
prises heating said material to between 
350 and 500°C for 1 to 48 hours and then 
heating said material to between 900 and 
1300°C for more than 15 hours. 


2,819,352 Transistor Magnetic Amplifier 
Circuit—C. B. Houck, Jr. Assignee: Gen- 
eral Precision Laboratories, Inc. An am- 
plifier comprising an n-p-n junction tran- 
sistor and a p-n-p junction transistor, 
having their connector electrodes con- 
nected to opposite terminals of a po- 
tential source, a pair of saturable core 
reactors, and a signal input circuit con- 
nected between a common emitter termi- 
nal and the base electrodes of said tran- 
sistors. 


2,819,414 Radio Active Battery Employing 
Stacked Semiconducting Devices—R. L. 
Sherwood, P. Rappaport. Assignee: Radio 
Corporation of America. A_ primary 
source of electrical energy comprising a 
plurality of aligned spaced junction type 
semi-conducting devices, an electrically 
conductive plastic between adajcent de- 
vices, and a radioactive source positioned 
to irradiate all of said devices so as to 
generate a potential. 


2,819,433 Selenium Rectifiers and the 
Method of Making the Same—C. Scudder. 
Assignee: Syntron Co. A selenium recti- 
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fier comprising a conducting sheet having 
approximately fifty or more very thin 
superimposed layers of crystalline se- 
lenium, a blocking layer on the topmost 
selenium layer, and a counter electrode 
on the blocking layer. 


2,819,434 Rectifier Stack—M. J. Mattheyses. 
Assignee: International Telephone and 
Telegraph Company. A rectifier assembly 
having several elements and_ several 
spaced cooling fins, the latter being ar- 
ranged so that a rectifier element 
mounted on one fin protrudes through 
an opening in the adjacent fin. 


2,819,436 Method of Making Dry Contact 
Rectifiers, Particularly Selenium Recti- 
fiers—H. A. Bartels. Assignee: Interna- 
tional Standard Electric Corporation. A 
rectifier comprising a base electrode, a 
semiconductive layer, and a counter elec- 
trode consisting of a nonconductive lac- 
quer having distributed small metal par- 
ticles therein, said particles constituting 
a multipoint rectifier through a barrier 
layer formed by the non-conductive lac- 
quer. 


January 14, 1958 

2,819,513 Semiconductor Assembly and 
Method—S. T. Martin. Assignee: None. A 
method of mounting semiconductors on 
bases by interposing separating pins be- 
tween the individual members of a clus- 
ter of base pins to provide a configura- 
tion of four-fold symmetry and fastening 
a semiconductor sheet to the ends of said 
base pins. 


2,819,990 Treatment of Semiconductive 
Bodies—C. S. Fuller, H. Reiss. Assignee: 
Bell Telephone Laboratories. A semicon- 
ductor device comprising a germanium 
body having one portion which includes 
lithium and an acceptor impurity whose 
ions have a plural negative charge in 
germanium, said acceptor forming stable 
ion-pair bonds with the lithium. 


2,820,135 Method For Producing Electrical 
Contact to Semiconductor Devices—K. A. 
Yamakawa. Assignee: Pacific Semicon- 
ductors, Inc. A method consisting of 
bringing the end of a whisker element 
into contact with a body of solid solder, 
passing a current through said whisker to 
weld said whisker to said body, and 
welding the whisker with the body of 
solder attached thereto to a semiconductor 
crystal. 


2,820,143 Transistor Phase Detector—G. O. 
D’Nelly N. B. Fjeldsted. Assignee: Hughes 
Aircraft Company. A transistor phase de- 
tector for producing direct current volt- 
age levels in response to the phase rela- 
tionships between applied reference and 
comparison signals. 


2,820,145 Transistor Oscillator Circuit Ar- 
rangement—E. Wolfendale. Assignee: 
North American Phillips Company, Inc. 
In a transistor circuit, a transistor driven 
at a frequency so high that a phase dis- 
placement occurs between the base cur- 
rent and the emitter current so that the 
base input impedance has negative re- 
sistance component. 


2,820,151 Parallel Magnetic Complementers 
—W. F. Steagall. Assignee: Sperry Rand 
Corporation. An input circuit and energy 
source for providing complementing ac- 
tion in parallel magnetic amplifiers. 

[To Be Continued] 
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CHARACTERISTICS CHART of NEW TRANSISTORS 


Announced Between Nov. 1, 1959 and Dec. 31, 1959 
This is a partial listing and will be continued in the April issue. 


MANUFACTURERS (In Order of Code Letters) 

ARA— Advanced Research Associates, Inc. MUL— Mullard Ltd. 
AEG— Allgemeine Elecktricitats-gesellschaft NAC— National Semiconductor Corp. 
AMP— Amperex Electronic Corp. NTLB— Newmarket Transistors Ltd. 
AEI— Associated Electrical Industries LTD. and Siemens PSI— ___ Pacific Semiconductors, Inc. 

Edison Swan. PHI— _ Philco Corp., Landsdale Tube Co. 
BEN— Bendix Aviation Corp. RAY— Raytheon Co. 
BOG— Bogue Electric Mfg. Co. RCA— Radio Corp. of America, Semiconductor Div. 
CBS— _ CBS-Electronics RHE— Rheem Semiconductor Corp. 
CRY— Crystalonics, Inc. SIE— Siemens & Halske Aktiengesellschaft 
CSF— Compagnie Generale SIL— __ Silicon Transistor Corp. 
CTP— _ Clevite Transistor Products, Inc. SONY— Sony Corp. 
DEL— Delco Radio Div., General Motors Corp. SPE— Sperry Gyroscope Co. 
FSC— Fairchild Semiconductors Corp. SPR— Sprague Electric Co. 


FTHF— French Thomson-Houston Semiconductor Dept. 
GECB— General Electric Co., Ltd. 


SYL— Sylvania Electric Products Inc. 
STCB— Standard Telephone & Cables, Ltd. 


GE— _ General Electric Co. TKAD— Suddeutsche Telefon-Apparate-, Kabel und Draht- 
GEM— Great Eastern Mfg. Co. aS 

GTC— General Transistor Corp. | TRA— Transitron Electronic Corp. 
HSD— Hofiman Semiconductor Div. TFKG— Telefunken Ltd. 

HUG— Hughes Aircraft Co. TI 

HIVB— Hivac Ltd. et ens vee eee 

IND— Industro Transistor Corp. THB— Texas Instruments Ltd. 
LCTIF— Labortoire Central de Telecommunications TUN— Tung-Sol Electric, Inc. 
MIFI— Microfarad (Italy) UST— U.S. Transistor Corp. 
MIN— Minneapolis-Honeywell Regulator Co. WEC— Western Electric Co., Inc. 
MOT— Motorola, Inc. WEST— Westinghouse Electric Corp. 


The following manufacturers have announced that they have begun supplying the indicated previously registered transistors. 


GENERAL TRANS.: 2N327A,2N328A,2N578 thru 2N582, 2N1025, 2N1026, 2N1034, 2N1035,2N1090, 2N1091 
MICROFARAD: This company is licensed by Compagnie Generale de T.S.F. and manufactures all 
types produced by Compagnie Generale de T.S.F. 


MOTOROLA: 2N705, 2N710 
NATIONAL SEMI.: 2N560, 
RAYTHEON: 2N395, 2N396, 


SYLVANIA: 2N404, 2N417, 


2N696, 2N702, 
2N397, 


2N428, 


2N697, 
2N1090, 
2N644, 


Max. Ratings @ 25° C 


DERAT 
ING 


°C/W 


QN377A 


2N703, 
2N1091 
2N1000, 


Vee 


2N715, 2N716, 2N1060, 2N1234 


2N1302, 2N1304, 2N1306, 2N1308 


Typical Characteristics 


MER, 
See code 
at start 
“of charts 


Vee fF fig 


PARAMETER 
and 


(condition) 


5 NPNA "*- Ge /150°°> J80° AO! 40-2670) Wuker = Some, 2 eee 
2N385A 5 NPNADS Ge 150 800) 46 O40 oz a eee Some 70 SYL 
2N388A 5 NPNA’ Ge 150 360° 40 40. 8.0 > ne eerCl soma gg eee 
2N695 5 PNPMe ‘Ge 75 1000 15 15 250¢ n¥=; © 40 MOT 
2N698 3,4,5 NPNMe Si 2000 75 120 80 180 ie? o7150ma 300 FSC 
2N700 2, PNPMe Ge 75 1000 25 20 hens 10 MoT 
3,4,5 NPNMe Si 1000 150 56 28 400 ni°:r_- 10ma 12 
ONT17 3,4,5 NPNMe Si 1500 100 60 40 150 ne=;To_isoma rhe ae 
2N718 3,4,5 NPNMe Si 1500 100 60 40 150 n¥®;7C_isoma 755 FSC 
2N728 5 NPN Si 500 15-157: 150° he@ Too! 1 oma goman sae 
2N729 5 NPN Si 500 30 30 150 prs 10 
2N741 2 Me Ge 150 500 15 15 360¢ nFE; © i tae tee 
2NT42 5 PNPD Si 600 210.60 * 60. Loo nhe:5.0V,100ma 35 NAC 
2745 5 Se 750 45 10 hpetI,- 10ma 20 RAY 
00 750 45 20 hpetIc- 10ma 45 RAY 
2N747 5 De: S41 | 89g" es on ae : 
2N748 5 D Si «2007. (756 a Pa ae pteize sont oF aay 
aNT49 4 D Si 200%2 4 780s eas ee As 50 Pa°at°6.oMe Tab RAY 
2N750 4 Dei. S1 | -200:7..750) 150 = So 25 PG at 6.0Me 4db RAY 
D Sil 200 750 20 20 25 PG at 6.0Mc VA PAGM See) IOS 
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Max. Ratings @ 25° C 


Typical Characteristics 
USE 
es 
Code 
Below J 


TYPE 
{ See ] 
4 Code } 
| Below J 


MER, 
See code 
' at start 
of charts 


PARAMETER 
d 


an 
(condition) 


2N1018 


5 A Ge 150 350 30 8.0 25 s[-1. 
2N1177 4 PNPD Ge 80 30 fio) EEO ome eee RCA 
2N1178 4 PNPD Ge 80 30 140 ni@:rc-1.0ma 40 RCA 
2N1179 4 PNPD Ge 80 30 140 hh°:I°-1.0ma ss 80_—Ssi RCA 
2N1180 4 PNPD Ge 80 eee a C 
30 100 Nhe? -1.0ma 80 RCA 
| 2N1213 5 PNPMe Ge 75 25 25 RC 
2N1214 5 PNPMe Ge 75 25 25 RCA 
2N1215 5 PNPMe Ge 75 25 25 RCA 
2N1216 5 PNPMe Ge 75 25 25 RCA 
2N1314 3 PNPA Ge LO 32 32 rh Np,tip-1.0A 33 AMP 
2N1315 3 PNPA Ge 1.0 32 32 - 30 hp,iip-1-0A 64 AMP 
2N1366 A A Ge 150 350 20 18 10 hep? -1.0ma 70 RAY 
2N1367 ae A Ge 150 350 20 18 10 hoe q7i- Oma 70 RAY 
2N1439 2 PNPA si 400 440 50 40 L.:0 hp, 6-0V,1.0ma 9.0 NAC 
2N1443 2 PNPA si 400 440 50 30 1.0 hpe?6-0V,1.0ma 70 NAC 
2N1470 3 D Si 5500 3.0 60 60 BPS he tac. =1 5,00 15 RAY 
2N1515 4,5  ##PNPAD Ge 50 600 20 70# PG°at?.45Mc 35 AMP 
2N1516 4,5 PNPAD Ge 60 500 20 70# PG at .45Mc 57 AMP 
2N1517 4,5 PNPAD Ge 70 500 20 100# PG at 100Mc g ha AMP 
2N1518 3 PNPA Ge - 80 50 40 4KcA Nap ttign 25A 12min DEL 
2N1519 3 PNPA Ge - 80 80 60 4KcA hep itign 25A 12min DEL 
2N1520 3 PNPA Ge -80 50 40 4KcA hep it — 35A 12min DEL 
2N1521 3 PNPA Ge - 80 80 60 4KcA hep? ton 35A 12min DEL 
2N1522 3 PNPA Ge -80 50 40 4KcA hepiion 50A 12min DEL 
2N1523 3 PNPA Ge - 80 80 60 4KcA hopiton 50A 12min DEL 
2N1528 A D Si. 150 1000 25 25 20 PG at 6.0Mc 4db RAY 
2N1529 3 PNP Ge 90W - 80 40 30 10KcA Deg? 30 MOT 
2N1530 3 PNP Ge 90W - 80 60 45 10KcA hog: 30 MOT 
2N1531 3 PNP Ge 90W - 80 80 60 10KcA nee? 30 MOT 
2N1532 3 PNP Ge 90W -80 100 75- 10KeA nop? 30 MOT 
2N1533 3 PNP Ge 90W -80 120 90 10KcA hop? 30 MOT 
2N1534 3 PNP Ge 90W -80 40 30 8.5KcA nog? 50 MOT 
2N1535 3 PNP Ge 90W - 80 60 45 8.5KcA ner? 50 MOT 
2N1536 3 PNP Ge 90W 80 80 60 8.5KcA her? 50 MOT 
2N1537 3 PNP Ge 90W soo .-100 75: 8.0KcA hor? 50 MOT 
2N1538 3 PNP Ge 90W as0- 120 90 8.5KcA neg? 50 MOT 
2N1539 3 PNP Ge 90W - 80 40 30 4KcA ner? 75 MOT 
2N1540 3 PNP Ge 90W -80 60 45 4KcA hap 75 MOT 
2N1541 3 PNP Ge 90W -80 80 60 4AKcA hor? 75 MOT 
2N1542 3 PNP Ge 90W -80 100 75 4KcA her! 75 MOT 
2N1543 3 PNP Ge 90W ~-80 120 90 4AKcA hop 75 MOT 
2N1544 3 PNP Ge 90W - 80 40 30 AKcA Hop? 110 MOT 
2N1545 3 PNP Ge 90W - 80 60 45 4KcA her? 110 MOT 
2N1546 3 PNP Ge 90W - 80 80 60 4KcA hee 110 MOT. 
2N1547 3 PNP Ge 90W oo. OO 75 AKcA hop 110 MOT 
2N1548 3 PNP Ge 90W -80 120 90 AKcA hep 110 MOT 
2N1549 3 PNP Ge 90W -80 40 30. LOKeA ner? 20 MOT 
BIOTATIONS 
Under Use Under Type Under fab 
‘|- Low power a=f equal to 7-= Photo A- Alloyed Me = = Mesa 2 Maximum Frequency 
or less than 50 mw 8- Mixer D - Diffused or Drift 0 - Other # Figure of Merit 
2- Medium power a-f >. 9= Local Oscillator F= Fused S - Surface Barrier DFG 
50 mw and equal to I- Revised Spec. G-= Grown UNI= — Unijunction @ Minimum 
or less than 500 mw 10- Chopper H= Hook Collector Transistor Fr= Gain Bandwidth 
3- Power > 500 mw 11= Matched Pair M- Microalloy Y- Symmetrical Product hfe x fife 
A= r-f/i-f E lye Tetrode 
5- Switching and Computer Under Gain Value Under Derating 
6- Low Noise 


D - Pulsed @ = Infinite heat sink 
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CHARACTERISTICS CHART of NEW TRANSISTORS 


Typical Characteristics 


USE See code 
{sez} Pe Pine | Yer | Yee Pfs som 
Below J PARAMETER 
(mw) °C/W (mc) and 
/ (condition) 


2N1550 3 PNP Ge 90W - 80 68 45=: DOKGA-—ha3s 
2N1551 3 PNP Ge 90W - 80 80 60 10KcA ees 20 MOT 
2N1552 3 PNP Ge 90W -80 100 ee OK CLS nom? 20 MOT 
2N1553 3 PNP Ge 90W 80 40 30 6KcA Dom? 45 MOT 
2N1554 3 PNP Ge 90W - 80 68 40 6KcA nom? 45 MOT 
2N1555 3 PNP Ge 90W - 80 80 60 6KC A hes 45 MOT 
2N1556 3 PNP Ge 90W .80 100 75 6KeA hye: 45 MOT 
2N1557 3 PNP Ge 90W - 80 40 30 5KcA hoe 75 MOT 
2N1558 3. PNP Ge 90W - 80 60 40 5KcA nor? 75 MOT 
2N1559 3 PNP Ge 90W - 80 80 60 5KcA hop 75 MOT 
2N1560 3 PNP Ge 90W 00) ee O10 75 BCLs 75 MOT 
2N1561 3 Me. Ge | 83WA 25 9-25 25 - 5007 et 10db MOT 
2N1562 3 Me Ge B8WO + 25 2640 2b 506+ Nee? 10db MOT 
2N1609 3 PNPA Ge 15 80 60 17KcA hopiign-50A 10min DEL 
2N1610 3 PNPA Ge 15 80 60 15KcA hppiign=-50A 25min DEL 
2N1611 3 PNPA Ge 15 60 40 17KcA hapiign=.50A 10min DEL 
2N1612 3 PNPA Ge 15 60 40 15KceA Hopt -.50A 25min DEL 
2N1623 2 A si 250 540 20 20 ~10 h ae -1.0ma 10 RAY 
2SA121 4 PNPG Ge 15 15 15 100 PG at~10Mc 24db SONY 
2SA122 4 PNPG Ge 15 15 15 100 PG at 10Mc 30db SONY 
2SA123 4 PNPG Ge 15 15 15 100 PG at 10Mc 35db SONY 
2SA124 4 PNPG Ge 15 15 15 120 PG at 10Mc 31db SONY 
2SA125 5 PNPG Ge 15) 15 15 120 PG at 10Mc 28db SONY 
2SB48 2 PNPA Ge 140 300 16 16 2.5 Dept ton 20ma 43 SONY 
2SB49 2 PNPA Ge 140 300 16 16 3.0 Napiton 20ma 83 SONY 
2SB50 2 PNPA Ge 140 300 16 16 3.5 Dopiton 20ma 131 SONY 
25B51 2 PNPA Ge 200 300 30 20 2.0 Nepito- 20ma 43 SONY 
2SB52 2 PNPA Ge 200 300 30 20 3.0 nomitan 20ma 83 SONY 
2S5B53 5 PNPA Ge 200 300 30 30 3.0 Napt - 20ma 70 SONY 
2SB140 5 PNPA Ge 12W 5.0 40 40 7KcA Nopiig71.0A 74 SONY 
2SB141 5 PNPA Ge 12W 5.0 60 60 TKcA Daptig-1.0A 74 SONY 
25B142 3 PNPA Ge 10W 6.0 30 30 TKcA hom t -1.0A 24 SONY 
25B143 3 PNPA Ge 10W 6.0 30 30 TKeA Hepitg-l-0A 37 SONY 
2SB144 3 PNPA Ge 10W 6.0 30 30 7KcA Hopital. 0A 75 SONY 
25B145 3 PNPA Ge 10W 6.0 30 30 7KcA Nop itgnl. 0A 37 SONY 
2SB146 3 PNPA Ge 10W 6.0 30 30 TKcA Nop itg-1. 0A 75 SONY 
2SC73 4 NPNG Ge 30 15 15 20 PG at 2.0Mc 27db SONY 
25C75 4 NPNG Ge 30 15 15 10 PG at 2.0Mc 4idb SONY 
2S5C 76 4 NPNG Ge 30 15 15 10 PG at 2.0Mc 37db SONY 
2SC77 4 NPNG Ge 30 15 15 10 PG at 2.0Mc 32db SONY 
2SC78 5 NPNG Ge 30 15 15 20 PG at 2.0Mc 26db SONY 
2SD61 5 NPNA Ge 100 600 30 25 er) Nepitan 10ma 50 SONY 
NOTATIONS 
Under Use Under Type Under fab 
I= Low power a-f equal to 7= Photo A-= Alloyed Me = = Mesa © Maximum Frequency 
or less than 50° mw 8- Mixer D-= Diffused or Drift O- Other # Figure of Merit 
2- Medium power a-f > 9- Local Oscillator Fe Fused S - Surface Barrier BR fe 
50 mw and equal to W-.- Revised Spec, G= Grown UNI= — Unijunction D Minimum 
or less than 500 mw 10~ Chopper H= Hook Collector Transistor F7= Gain Bandwidth 
3= Power > 500 mw 11= Matched Pair M=  Microalloy Y - Symmetrical Product hfe x fire 
Am r-f/i-f : | = Tetrode 
5= Switching and Computer Under Gain Value Under Derating 
6= Low Noise festa Babeeee SAAR § 


D - Pulsed @ = Infinite heat sink 
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CHARACTERISTICS CHART of NEW TRANSISTORS 


Typical Characteristics 


USE TYPE 
MER, 
Eo | Ff ott | MAT DERAT View Vv See code 
Below J | Below | ING ce at start 


of charts 


PARAMETER 
and 


(condition) 


°C/W 


5 ENA Gs <"L00) 680° 6 0 ‘25 1L0 het Pome 60” eeoee 
D NPNA Ge 100 600 25 20 1.0 hv=:T°. toma 50 SONY 
1 NPNA Ge 60 625 25 20 1.0 n=;T°. Joma 100 SONY 
2 NPNA Ge 80 625 25 20 1.0 n=;t°. 10ma 50 SONY 
2 NPNA Ge 80° 625 25 20 80 hee? Tom 10ma 25 SONY 
5 A Ge 400 1502 60 55 81.5 hy gtIQ- 10ma 60 BEN 
5 A Ge 80° 750. 30: 24 12 hpailp=.40ma 60 RAY 
4 A Ge $0.49 bO a, 80 ae! Pag hpgiigrl. oma 30 RAY 
4 AS! te 80 750 «80 «1B 7.0) | ees TC-a.0ma 60 RAY 
4 ‘eet 80 750 30 12 10 heerIgel.0ma 80 RAY 
‘CK17A 4 A Ge BOA TED. 30 18 18 hp :I,-1.0ma 140 RAY 
CK22A 2 Ait) cae 80. 750 35°30 41.2 » n@:7o-1.0m. ) 900 Ree 
CK25A 5 es Yh 80 750 30 30 4.0 hr=;r°-1.0ma 30 RAY 
CK26A 5 At Ge g0. 750 -80 . 26  6-0---HP@:72_j.0ma . 40° BAY 
CK27A 5 Ae Ge 80 750 30 20 11 hp? Tp-1.0ma 55 RAY 
CK28A 5 eee 80° 750 30 15 17 hgptIg-1.0ma 80 RAY 
CK64A 2 Re re aes 80 750 45 29 .80 hte:Ip-1.0m 22 RAY 
CK65A 2 A ~~ Ge 80: 750° 48. 24° Sard hg ilg=1. oma 45 RAY 
CK66A 2 A> te $0 950° 36 20 1.2 heosTa-1.0ma 90) mae 
CK67A 2 eeu ™ 80 750 35 15 1.5 hyorTg-1.0ma 180 RAY 
CK798 2 A Si 250 540 150° 80 .10 hh, :I,-1.0m 20 ° RAY 
CK799 2 A ly St .280., 840! 150 125 | 610° AEE sTe=1. 0m a0 ee 
CK800 2 A Si 200 540 150.125 .10 | heesI°=1.oma 20" RAY 
GT31 Bye) PNPA™ Ge Lfd28. 400° 15%, 15: 80> nee? 20 AEL 
GT32 Pa EN Ga dab)! ado a6 a8 > 80.) RES 40 AET 
GT33 Bye hs PNPR (Ge “L4a26— Apo S15 15 140 60 ARI 
GT41 476° PNPA Ge {100 «500-159 15 4.0. ‘hee 30. AEL 
GT 42 $6 PNPA > Ge~--300- 500, 15 15 6.0. OhRce 60 AEI 
GT43 4,5. PNPA Ge 100 500 15 15 9.0 hye: 110 AEI 
GT1624 5 NPNA Ge 120 .50 40 25 1.5 hye:Iq-1.0ma 70 GTC 
GT1658 5 NENA. 9. iGe)5 450-250) 25 6.0 hpptIg- 20ma 60 GTC 
GT1665 5 PNPA.. Ge 120 .80.. 100 10* ne=:10- 10m = 25 = GTC 
NS100 2 PNPA Si 400 440 50 15 1.0 hnp.:6c0V,1.0ma 40 NAC 
NS101 2 PNPA Si 400 440 50 30 1.0 hpct6.0V,1.0ma 18 NAC 
NS200 5 PNPD Si 600 290 25 20 200 hypet5.0V, 10ma 15 NAC 
NS300 4 PNPD Si 600 290 85 45. 200 hot 10V,1.0ma 25 NAC 
ST440 3 NPND Si 60W 2.08 60 60 8.0 hyp: 12V,1.0A 10 TRA 
ST450 3 NPND Si 6oW 2.08 60 60 8.0 he=: 12V,1.0A 10 ‘TRA 
$T3042 10 NPN Si s«5B0 NEG ie Be aes) an TRA 
ST3043 10,11 NPN Si 50 We: ties Ween by TRA 
XA151 57) PNPA Gel raos 809. 16 618 8,007 Npptig- 50ma 20min AET 
XA152 57 PNPA G6 eae S00. < 185" 1B ES OST Nppilj- 50ma 40min AEI 
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Market News... 


Sales ; 

Revenue from factory sales of transis- 
tors last year rose more than $109 million 
over the 1958 total and total units sold 
increased by more than 35 million, 
according to a year-end compilation by 
the Electronic Industries Association. 

The following chart shows monthly and 
cumulative figures for unit sales and 
dollar value in 1959 and 1958: 


1959 Units Dollars 
January 5,195,317 13,243,224 
February 5,393,377 14,550,056 
March 6,310,286 18,117,560 
April 5,906,736 16,864,049 
May 6,358,097 19,007,293 
June 6,934,213 18,031,593 
July 6,030,265 15,618,315 
August 7,129,696 18,054,138 
September 8,652,526 20,851,290 
October 8,710,913 22,109,748 
November 7,846,500 22,742,525 
December 7,826,194 22,819,931 

TOTALS 82,294,120 $222,009,722 
1958 Units Dollars 
January 2,955,247 6,704,383 
February 3,106,708 6,806,562 
March 2,976,843 6,795,427 
April 2,856,234 7,025,547 
May 2,999,198 7,250,824 
June 3,558,094 8,262,343 
July 2,631,894 6,598,762 
August 4,226,616 9,975,935 
September 5,076,443 10,810,412 
October 5,094,856 13,461,857 
November 5,440,981 12,441,759 
December 5,627,700 16,595,616 

TOTALS 47,050,814 $112,729,427 


The EIA also reports that this trend 
is continuing for over 1.7 million more 
transistors were sold during January than 
during the previous month and _ sales 
revenue was up more than $1.8 million. 
The number of transistors sold during 
the first month of this year was nearly 
double the total for January a year ago 
while the dollar value of sales shows a 
gain of $11.4 million. 

The following EIA charts give totals 
for January of this year and December 
and January of 1959. 


Factory Sales 


(Units) (Dollars) 
January 1960 9,606,630 $24,714,580 
December 1959 7,826,194 22,819,931 
January 1959 5,195,317 13,243,224 


Philco’s Lansdale Division has moved 
its Phoenix, Arizona sales office to San 
Diego, California. 


Knapic Electro-Physics today an- 
nounced the opening of an eastern sales 
office in New York City. The new office 
is located in the Chrysler Building, on 
Lexington Avenue. 


PSI Sales Department has moved to 
larger quarters in Hawthorne, California. 


General Plate Products group of Texas 
Instruments Inc. has reported that its 
clad-metal volume in 1959 for the semi- 
conductor industry was more than triple 
the preceding year’s total. Sales in the 
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first two weeks of 1960 equalled the total 
for the year in 1957. 

Transitron Electronic Corporation has 
established two new sales offices, located 
in Orlando, Fla. and Dallas, Texas. This 
brings to 19 the number of national sales 
offices. 


Expansion 


Sylvania Electric Products, Inc. has 
just completed their facility in Towanda, 
Pa. The plant is expected to be in opera- 
tion by early summer. It will offer pro- 
duction quantities of both monocrystal- 
line and polycrystalline germanium and 
silicon. 


Rheem Semiconductor Corp. has opened 
its new $2 million, 100,000 square foot 
semiconductor plant in Mountain View, 
Cal. 


Pacific Semiconductors, Inc., a pro- 
ducer of microminiature diodes, transis- 
tors and other semiconductor devices, 
has recently moved to larger quarters 
in Hawthorne, Calif. The new facility, a 
modern air-conditioned structure with 
41,000 square feet of floor space, is larger 
than the entire original Culver City 
building in which PSI began operations 
in June, 1954. 


Sperry Semiconductor’s multimillion 
dollar expansion program got under way 
when ground was broken for their new 
headquarters, located on a 28-acre site 
in Norwalk, Conn. Completion of this 
new plant is scheduled for September, 
1960. Future plans call for a 50,000 square 
foot addition to the 63,000 square foot 
plant now under construction. 


A line of 412 different Germanium tran- 
sistor types is now available from the 
newly-formed Electronic Transistors 
Corp., North Bergen, New Jersey. They 
are being manufactured under a patent 
license agreement with the Western Elec- 
tric Company. The company will manu- 
facture, in addition, a complete line of 
silicon transistors. All conform to ap- 
plicable MIL specification. They will also 
produce power transistors in both semi- 
conductor materials. 


Prices 


Sylvania Electric Products, Inc., Semi- 
conductor division is now offering its 
2N388, an npn Ge alloy junction switch- 
ing transistor in production quantities. 
These are priced at $3.68 each in quan- 
tities of 1000 or more. 

The firm is also offering a switching 
point contact diode, type D4121 for use in 
high speed military computors at $4 each 
in quantities of 1000 to 9,999. 


Transitron Electronic Corp. has added 
type 2N696 and 2N697 diffused mesa tran- 
sistors to its line. Prices for the 2N696 in 
1-99 quantities are $21.75 each and for the 
2N697, in the same quantity, $22.70 each; 
in 100 and up quantities, the units are 
priced at $14.50 each and $15.15 each, 
respectively. 


Pacific Semiconductor Ine., has avail- 
able two diffused mesa transistors PT900 
and PT901 which dissipate 125w. The 


PT900 is priced at $155 each and the 
PT901 at $195 each in small quantities. 5 
Trancoa Chemical Corporation, Reading, 
Mass., has announced the availability of 
polycrystalline silicon rods for floating 
zone crystal growing. The rods are 
offered in diameter from 3” to 1”. The 
nominal length of the rods is 10 inches 
with a boron content of approximately 
1.0 ppb. The Trancoa price is $1.00 per 
gram, a savings of approximately 20 per 

cent on this form of silicon. 


Texas Instruments Incorporated has 
available for immediate delivery four 
different units of gallium arsenide tun- 
nel diodes at prices ranging from $9 to $39 
in quantity orders. 


U. S. Semiconductor Products has an- 
nounced two new Zener diodes of 10 and 
50 watt units with standard tolerances 
of 5%. Fifty-three different types of 10 
watt Zener diodes are available. A typical 
price is $7.99 for the 1N1351A. In the 50 
watt line a typical price is $16.45 for the 
1N2962A. The firm has also announced 
price reductions ranging from 15% to 45%, 
in approximately 75% of their devices. 
The major cuts were announced in the 
line of silicon reference elements in addi- 
tion to the Zener diode line, a tantalum 
capacitors and other semiconductor de- 
vices. ; 


Fairchild Semiconductor Corp., Moun- 
tain View, Cal. has introduced two gen- 
eral purpose silicon transistors which 
dissipate 1.5w at room temperatures. 
Type 2N717 is priced at $22.70 and type 
2N718 at $24.05. Their new diffused Si 
transistor, type 2N698, is also priced at 
$22.70 in quantities from 1 to 99. 


Rheem Semiconductor Corp. has avail-_ 
able a new line of fast switching, high 
current silicon mesa transistors. These 
have been numbered RT5001 through 
RT5004 and are available in quantity at 
$38.70 to $49.50 each. In addition the firm 
has announced prices on their Si glass 
diodes having a maximum recovery time 
of 4 mu sec. Types 1N903 through 908, 
1N914 and 1N916 have an average price 
of $4.25 each in quantities of over 100. 


National Semiconductor Corp., Dan- 
bury, Conn., has reduced prices up to 
28% on their silicon alloy transistors lines 
2N1440 to 1442 and 2N327A to 329A. 


Hughes Aircraft, Semiconductor divi- 
sion has cut transistor prices averaging 
25% on p-n-p alloy junction types and 
averaging 20% on p-n-p silicon double 
diffused mesa types. Types 2N1228-1234 
and 2N1238-1244 in the alloy junction line 
will average a reduction of 25%. 


General Electric Co., Semiconductor 
Products department has sample quan- 
tities available of 22 ma and 10 ma peak 
current models of gallium arsenide tun- 
nel diodes priced at $55 and $85 each. 


The Lansdale Division of Philco Corpo- 
ration announced an increased transistor 
quantity break enabling its industrial 
distributors to have transistors available 
in quantities 1 to 999 at factory prices. — 


Distribution 


, Schweber Electronics, Mineola, L.1., 
N.Y. has been appointed a factory-price 
distributor for Daystrom Pacific Potenti- 
ometers and for Westinghouse Silicon 
Power Rectifiers and Transistors. Up to 
1000 pieces of most rectifier and transistor 
types and up to 2000 pieces per potenti- 
ometer type can be obtained at factory 
prices. 
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JFD TRIMMER 
MODEL VCS5G 
.8°-18 PF, 


= 


Now you can cut precious inches and ounces from 
your assemblies with space-saving, weight-saving 
MAX-C Sealcaps. 


The surprising increase in range of the Max C 
: trimmer capacitor is obtained by embedding the 
{ electrode band in the glass cylinder. This design 
| provides the thin dielectric required for a large 
capacitance range while retaining the ruggedness 
and mechanical strength of a heavy wall glass tube. 


OC RM pen nay’ 


Included in the Max C design is the Sealcap 
‘construction which provides the additional sta- 
bility safeguard of a completely sealed interior, 


MINIATURE PANEL MOUNT MAX-C SEALCAP SERIES 


k Distance Maximum 

Model Min. Max. (PF) Beyond Panel Diameter 
MC601 1.0 14,0 29/64” 5/16” 
MC603 10 28.0 11/16” 5/16” 

i MC604 10 42.0 29/32” 5/16” 

: MC606 10 60.0 1 5/32” 5/16” 


MC609 1.0 90.0 1 3/4” 5/16” 


WESTERN REGIONAL DIVISION 
7311 Van Nuys Boulevard, Van Nuys, California 
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INCREASE IN RANGE 
O NO INCREASE IN SIZE! 


51 McCormack Street, Toronto, Ontario, Canada 


Circle No. 32 on Reader Service Card 


NEW JFD MAX-C SEALCAP 
MODEL MC606 
1.0-60 PF. 


MINIATURE 
TRIMMER 
SEALCAP® 


The Max C retains all the advantages of glass 
tubular trimmers: Working voltage of 1000 VDC, 
Insulation Resistance of 10° megohms, Q of 500 
at 1MC, operating temperature range of —55°C to 
+125°C, and high stability. It meets or exceeds 
the applicable performance and environmental 
requirements of Mil-C-14409A. 


Escape from the design limitations of conven- 
tional trimmers by specifying JFD MAX-C Seal- 
caps for your current and projected circuitry. 
Write today for the complete catalog describing 
MAX-C Sealeaps and other JFD precision elec- 
tronic components. Other JFD components are... 


FOR PANEL MOUNTS AND PRINTED CIRCUIT MOUNTING 


MINIATURE 

. TRIMMER CAPACITORS TRIMMER CAPACITORS 
GLASS OR QUARTZ DIELECTRIC LUMPED CONSTANT DELAY LINES 
DISTRIBUTED CONSTANT DELAY LINES | PULSE FORMING NETWORKS 
FILTERS ; METALIZED INDUCTORS 

LC TUNERS 


SEAL CAP 


Detailed data sheets on any of these components selected from the extensive . 
J,F.D. line are yours for the asking. Our engineering staff is at your service 
for consultation on your particular application. 


Pioneers in electronics since 1929 


JFD ELECTRONICS CORPORATION 


6101 Sixteenth Avenue, Brooklyn 4, New York 


JFD CANADA LTD JFD INTERNATIONAL 


15 Moore Street, New York, N.Y. 
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Solder And Flux Kit 

A new solder and 
flux kit to help de- 
sign and _ process 
engineers do experi- 
mental pre-produc- 
tion jobs that cannot 
be done with stand- 
ard tin-leader solders 
is now available from 
Alpha Metals, Inc. 
Called the Alpha 
Solder and Flux R&D 
Kit, it consists of 16 = 
varieties of soldering chemicals—fiuxes, 
solder paste, flux and dross removers 
and printed circuit board coatings—11 
kinds of flux-filled and solid wire solders 
in handy dispenser tubes, and 3 different 
foil solders for making preforms. 

Circle 162 on Reader Service Card 


Precision Thermostat 


Sas 


A low-differential precision thermostat 
that opens or closes on temperature rise 
has been announced by Spencer Products 
group of Texas Instruments Incorporated, 
Metals & Controls division. Designated 
KLIXON 4286, the device controls temper- 
atures within 5°F maximum limits. For 
use aS a control or warning device in 
guided missile, aircraft control, computer, 
crystal oven, etc. Continuous temperature 
exposure limits are —65°F to +270°F. 
Handles momentary overrides to +325°F 
on types designed to open on temperature 
rise, and overrides to +320°F on types that 
close on temperature rise. The tempera- 
ture setting range is 0°F to +250°F. 

Circle 154 on Reader Service Card 


Tweezers 


New anti-magnetic “Eremite” Tweezers 
with high resistance to acids offer the 
electronic assembly industry important 
Savings in time and tool stores, follow- 
ing development of a new tweezer base 
metal by Hunter Tools. During extensive 
tests on the assembly line of a Semicon- 
ductor manufacturer, the new Tweezers 
were used to remove “wafers” from acid 
baths to a neutralizing liquid. When 
dipped in a 50-50 solution of hydrofluoric 
and nitric acids for as long as ten minutes, 
the Tweezers retained their original ap- 
pearance and operating characteristics. 

Circle 151 on Reader Service Card 
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New Products 


Micro-Diode Series 


Vin 
A complete series of micro-diodes has 
been developed and placed into produc- 
tion by Transitron Electronic Corporation. 
They include: very fast diffused silicon 
micro-diodes, a series of high quality 
micro-regulators; a basic series of high 
voltage, high conductance micro-diodes; 
and a micro-stabistor. The basic family of 
multi-purpose micro-diodes, a series of 
three high quality diffused-silicon micro- 
diodes, provides voltage ratings up to 200 
volts and the high forward conductance 
allows a current rating of 50 milliamperes; 
and can be used in switching applications. 
Circle 156 on Reader Service Card 


Silicon Computer Diodes 


St 


Rheem Semiconductor Corp. ultra fast 
glass silicon diodes feature maximum re- 
covery time of 4 millimicroseconds to- 
gether with extremely low capacitance, 
typically less than 1 micro-micro farad. 
Listed under type numbers 1N903 through 
1N908, plus 1N914 and 1N916, these units 
give voltage ratings up to 100 volts and 
average rectified current up to 75 mA. 
They are hermetically sealed in the stand- 
ard subminiature glass package and are 
designed to exceed the requirements of 
MIL-S-19500B. 
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Thermoelectric Modules 


The use of a new bismuth telluride 
alloy in the production of thermoelectric 
modules now makes thermoelectricity an 
efficient as well as economical means of 
cooling volumes up to 4 cubic feet. Ma- 
terials Electronic Products Corp. produces 
the n- and p-type alloy in the form of 
crystals up to 18 inches in length. Both 
crystal rods and thermoelectric modules 
made from the rods are available for 
experimental use or for production pur- 
poses. The p-type alloys have a figure 
of merit of 4-45 x 10°, and the n-type 
2.7-3 x 10-°, which, at 100°C, according to 
the company, gives Melcor’s modules a 
temperature difference of 105°. 
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Gallium Arsenide Tunnel Diodes 


General Electric has announced the 
availability of gallium arsenide tunnel 
diodes in two models. They differ by peak 
current. The higher current unit has a 
typical peak current of 22-milliamperes 
while the other device is rated at 10-milli- 
amperes peak current. Capacitance for 
both devices is typically 1.5 picofarads per 
milliampere. The typical peak to valley 
current ratio is 15 to 1. Typical voltage 
swing is 1.0-volt. 
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Switching Transistor 


A high-speed switching transistor, 2N-_ 
1473 capable of surviving shocks in excess 
of 20,000 times the acceleration of gravity, 
has been developed by Sylvania. Designed - 
for use in telemetered torpedoes, projec- 
tile fuzes, electronically guided high-im- 
pact missiles, and other applications 
where extreme acceleration shocks are 
encountered, the new transistor has maxi- 
mum ratings of 40 volts Vcbo, 20 volts 
Vceo, 15 volts Vebo, 400 ma. Ic, —50°C to 
+75°C storage temperature, +75°C junc- 
tion temperature. 
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Zone Refiner 

Lindberg Engineering Company offers 
a Multiple Tube Horizontal Zone Refiner 
for germanium. From one to 12 quartz 
tubes can be mounted and used simul- 
taneously, traversing a molten zone in 
each tube. A direct current drive powers 
a threaded shaft which is continuously 
variable from .8 to 16 inches an hour. Re- 
turn speed is continuously variable from 
40 to 800 inches an hour. Each tube will 
accommodate a 30” long carbon boat. 
Minimum vibration of the fixture allows 
single crystal growing in the horizontal 
position. 
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Planar Transistor 


Fairchild Semiconductor Corporation 
introduces its new diffused planar struc- 
ture silicon transistor, 2N1613. The new 
unit is different from mesa types in that 
both the collector to base and base to 
emitter junctions are embedded in the top 
surface of the planar structure. It. has 
typically .0005 microamp ICBO at 60 volts, 
guaranteed useful beta over a range of 
collector currents from 100 microamps to 
one half ampere, a VCBO of 75 volts. Will 
dissipate 3 watts in JEDEC TO-5 package 
at 25°C case temperature. 
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Mesa Transistors 


Ree 


‘con “mesa” transistors has been devel- 
oped by them specifically to meet military 
yand industrial requirements for produc- 
{tion quantities of high quality, tightly 
controlled devices. Initially the new tech- 
}niques are being used to produce two 
types of n-p-n transistors, the NS200, for 
switching applications in computer cir- 
jcuitry, and the 2N752 for high frequency 
famplification in video amplifiers, IF. 
strips, telemetering and other applica- 
tions. Output capacitance of both is 5 
mmfd, leakage current at 150°C is 3 mi- 
croamps for the NS200 and 5 microamps 
for the 2N752. Guaranteed minimum gain- 
. bandwidth product for both is 200 mega- 
‘cycles. Collector saturation resistance of 
the NS200 is 35 ohms, 40 ohms for 2N752. 
| Beta fall-off from 1 to 100 milliamps is 
-less than 35% of peak value. 
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_ Hex Mount Z 


ener Diodes 


10-watt Zener diodes in standard 7/16” 
hex stud (DO-4) package are now offered 
with 5% standard tolerance by U.S. Semi- 
conductor Products. Reverse breakdown 
voltages (E,) range from 7.5 volts to 100 
volts, according to part number. The fol- 
lowing series are available: 1N1351A-1N- 
1375A; 1N1806A-1N1808A; 1N1816A-1N- 
1836A; 1N2008A; 1N2498A-1N2500A. They 
provide excellent voltage regulation or 
reference, clipping, surge and under or 
over-voltage protection, meter protection, 
and may be used in many other unusual 
applications. 
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Diode/Rectifiers 


Designed to operate at temperatures up 
to 200°C., new subminiature silicon diode/ 
rectifiers in hermetically-sealed glass case 
(MP 100 through MP 600), have been de- 
veloped by General Instrument Corpora- 
tion and are now available in production 
quantities. Of fused junction construction, 
with pigtail leads, they are built to meet 
military specifications, cover the range 
from 100 to 600 volts peak inverse, and 
operate at ambient temperatures from 
—65°C. to +200°C. At 200°C. and 225 peak 
inverse voltage, maximum average recti- 
fied current is 50 mA. 
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MAIL THIS 
COUPON 


FREE ANALYSIS 


OF YOUR DIFFICULT 


MACHINING PROBLEMS 


Chops time from 20 hours to 30 minutes drilling and 
notching Silicon Carbide waveguide inserts 


PROBLEM: Drill two .062” + .001 holes to a depth of .187 + .002, and 
produce a notch .375 + .001 wide x .250 + .001 deep x 1” long with no 
internal radius allowed on the end of silicon carbide sticks. The pieces 
are for use as dummy loads in high frequency waveguides. Previously, the 
holes were cut with carbide drills and the notch produced with diamond 
wheels. 


SOLUTION: A Raytheon Impact Grinding Analyst recommended drilling 
and notching with a Raytheon Impact Grinder using mild steel tools for 
both applications. 


RESULT: Time dramatically reduced by 19% hours per piece. Expendable 
tool costs virtually eliminated. 


HOW YOU CAN BENEFIT: Whatever your difficult 
cutting, slicing, drilling or shaping problem—in 
hard or brittle material, your Raytheon Impact 
Grinding Analyst can help you solve it. For full 
details, fill out the enclosed coupon and send it in. 
No cost or obligation. 


Excellence in Electronics 


TO: RAYTHEON COMPANY 
PRODUCTION EQUIPMENT OPERATIONS 
MANCHESTER, NEW HAMPSHIRE 


(0 Please send me literature on Raytheon 
Impact Grinders. 


( Please have a Raytheon Impact Grinding Analyst 
contact me, 


My problem is: (describe metals or non-metals involved, 
tolerances, etc.) 


FOR FREE 
ANALYSIS 


—without 
cost or 


obligation. NAME 


COMPANY 
ADDRESS. 

i CITY STAT ee ee ae 
i 
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The UNITRON Model TM is more than 
just a measuring microscope. It is the 
only instrument which combines in one 
stand a completely equipped tool- 
makers microscope for precise measure- 
ments — LENGTH, WIDTH and DEPTH, 
and a metallurgical microscope for 
examining the. structure of polished 
metal samples under high magnification. 


NOTE THESE QUALITY OPTICAL & MECHANICAL FEATURES 


@ Objectives: achromatic, coated, 3X, M10X, M40X. @ Combination Stage: rectangular ball bearing with 


Eyepiece: coated Ke]0X with crosshair. 


@ Magnifications: 30X, 100X, 400X; up to 2000X 


with accessories. 


@ Focusing: Both dual control rack and pinion coarse 
and micrometer-screw type fine adjustments. Body 
has locking device. 


@ Three Illuminators: sub-stage, surface and vertical, 
have variable intensity. 


In fitted hardwood cabinet $ 05 
FOB Boston 


UNITRON’S OFFER: i 
a 10-Day trial of a TM in your plant — 
without any cost or obligation. | 


linear measurements to 0.0001” and rotary measure- 
ments to 5’with vernier. (Metric model available on 
special order.) 


@ Depth Indicator: measures in units of 0.0001” by 
“optical contact” with specimen. 


@ Projection Screen: available as 
optical comparison. 


@ Eyepiece Turret: available as accessory for meas- 
uring surfaces, radii, thread pitch etc. 


UNITRON 


INSTRUMENT DIVISION of UNITED SCIENTIFIC CO. 
204-206 MILK STREET * BOSTON 9, MASS. 


accessory for 


Name : 
Company. 
Street 

State l 


Please rush to me, UNITRON’s Microscope Catalog. 4F-C | 


THE TREND IS TO UNITRON LL... ==—=—22.1=——dJ 


THE TREND IS 


TO UNITRON 
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Wire Bonder 

Kulicke and Soffa Mfg. Co. Model 400 
Transistor Wire Bonder is used to bond 
the contact wires between the semicon- 
ductor material and the header terminal 
post in transistor manufacturing. The 
basic instrument can also be adapted to 
other micro-assembly techniques. The in- 
strument features an optional continuous 
wire feed. (The standard model has a 
Wollaston wire feed.) Other features in- 
clude a_ single-control, chessman-type 
micropositioning mechanism for X-Y axes 
adjustments. 
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Gas/Air Recirculator 

C. I. Hayes, Inc. recirculating Molecu- 
Dryer Type MS-R is a simple, compactly 
designed gas and air dryer complete with 
an atmosphere recirculating unit. This 
new adsorptive unit has been designed 
specifically around Linde Company’s 5A 
Molecular Sieve material. Type MS-R in- 
corporated into a closéd-cycle system, 
now permits substitution of pure dry air, 
with dew points to —100°F or lower, for 
tank nitrogen ordinarily used for “dry 
box” assembly of transistors, diodes and 
other electronic parts. 
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Ultrasonic Cleaner 


Tunnel Diodes 


Sperry Semiconductor has announced ; 


the immediate availability of germanium 
tunnel diodes covering a wide range of 
typical peak currents. Sample quantities 
of types T101-T105, with peak currents 


ranging from 0.8 ma to 20.0 ma are avail- 


able. Peak to valley current ratios on all 
types are in excess of 5.0 to 1, typically 
8.0 to 1. They have a typical peak point 
voltage of 50 millivolts and typical valley 
point voltage of 250 millivolts. Operating 
and storage temperature range is from 


—55 to +100°C. The units have a 100 milli-~ 


watt dissipation rating at 25°C. 
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Micro-Transistor Series 

Specifications on a new series of Micro- 
Transistors were released by Pacific Semi- 
conductors, Inc. One series is approxi- 
mately 1/50th the size of the standard 
TO-5 package, An alternate type, avail- 
able for experimental use is in ultra- 
micro-miniature form, and is 1/200th the 
size of the TO-5 package. The new Micro- 
Transistor is a triple-diffused n-p-n sili- 
con mesa device designed as a low-power 
high speed switch. 
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New Power Supply 

Victory Electronics, Inc. announces the 
“Victory Variant”, a power supply on 
which you can change regulation without 
any change of wiring or removing supply 


from its mounted position. The regulator ~ 


can be easily removed and operated sep- 
arately and the power unit can be oper- 
ated as a 1% regulated power supply. 
When they are reunited, they form a 
highly regulated power supply. 
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A new addition to the McKenna Lab- 


oratories “Poly-Sonic” series ultrasonic 
cleaners, which feature several simul- 


taneous ultrasonic frequencies, the V-100 
provides especially thorough cleaning be- 
cause it produces uniform concentration 
of ultrasonic power throughout the clean- 
ing chamber. Completely uniform clean- 
ing results are obtained throughout the 
volume of the container even in a parts 
basket. Another feature of the “Poly- 
Sonic” units is the more effective clean- 
ing through the use of heated solutions. 
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Silicon Junction Rectifier 

Trans-Sil Corp. Type MR series of dou- 
ble-diffused junction silicon rectifiers will 
deliver up to 3.0 amperes, half wave, with 
proper heat sink, in ambients up to 150°C. 
In full wave circuits, currents up to 9.0 
amperes can be realized. They are her- 
metically sealed cells particularly suited 
for power supply and magnetic amplifier 
applications. 
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r ft Solder Alloy Preforms 


Using ultra- -pure vacuum casting tech- 
miques, Accurate Specialties Co., Inc., is 
now offering industry a complete range of 
isoft solder preforms with alloying ele- 
ments of lead and tin held to 99.999 + % 
purity. Melting points range from 361°F 
to 689°F. Preforms are available in the 
‘form of flat washers, discs and pellets. In 
order to assure continued purity, the parts 
are packaged in argon or other protective 
atmospheres prior to shipment thus assur- 
ing indefinite shelf life. 
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Solid State Current Limiter 

Microlectron Current Limiters are made 
entirely of electrically conductive ceramic 
-raw materials, which are deposited as thin 
‘film constructions on glass or aluminum 
oxide substrates. The device is a junction 
which is highly sensitive to overload cur- 
rents. Consequently it can be used to pro- 
tect other components which may be seri- 
ously affected by overload. It can be used 
to protect transistors, rectifiers, diodes, 
_galvanometer movements and the like. It 
is particularly useful in protecting semi- 
conductor junctions, since its response 
time is faster than the time-current re- 

quired to damage a typical junction. 
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Gas Diffusion Furnaces 

A major breakthrough for gas diffusion 
in the semiconductor industry, the new 
DZ series Furnaces are announced by 
BTU Engineering Corporation for contin- 
uous alloying, fuzing, bonding, brazing, 
soldering and metal-to-glass sealing under 
controlled atmospheres. Features include: 
a true temperature flat to specified toler- 
ances, stepless temperature control with 
controlled rectifiers, a tiltable furnace for 
best results in open end or closed tube 
diffusion, optimum insulation for stability, 
provisions to increase the number of con- 
trols for specific results. 
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Switching Transistor 


A new high speed, high current silicon 
switching transistor, designated 2N1072, is 
now available for military application 
from the Radio Division of the Western 
Electric Company. The unit is a double 
diffused n-p-n mesa type transistor, capa- 
ble of switching currents up to 1 ampere 
with rise and fall times of 50 millimicro- 
seconds. At 750 milliamperes of collector 
current, this transistor has a saturation 
voltage between 0.7 minmum and 2.0 max- 
imum, its hFE is 15 minimum, and the 
base input voltage is 0.7 volt minimum 
and 1.8 volts maximum. 
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SPECIFICATIONS: 

© Frequency Range (f+) 
® Accuracy 

© Power Consumption 


(exclusive of transistor under test) 


© Self contained collector 


bias voltage for transistor under test 


© Self contained emitter 


bias current for transistor under test 


@ Size 


FEATURES: 


© Direct reading, fp, in mc/sec 

© hye by simple calculation 

© Polarity PNP, NPN 

© Simple, direct, and precise instrument 
calibration 

© Provision for external biasing of transistor 
under test beyond Vop—=15 v, p= 
10 ma 

e Provision for automatic recording 

© Transistorized; Long Life 

© Self contained; battery powered, ready 
for immediate operation 


f Instantancously! 


Transistor Frequency (fr) Response Meter 
Model F-20 


50-750 mc/sec 
zh 

Less Than 250 
Milliwatts 


0-15 volts in 

1.5v_ steps 

0-10 ma in 

1 ma steps 
14”7Wx9”7Dx9’H 


APPLICATIONS: 
® Tests all transistors, silicon or germanium, 
within frequency range 


Suitable for laboratory testing and eval- 
vation 


Suitable for production testing 
A tool for transistor design 


Suitable for determining frequency re- 
sponse variation with bias voltage and 
current 


Rapid Testing 


Meleculer'S Eectionde 


443 West 50th Street 


e New York 19, N. es 
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WEST 2 asbument. 


CORPORATION 


SALES OFFICES IN PRINCIPAL CITIES 


EACH phase 
in their manufacture 


requires precise — 


_ Temperature Control 


by WEST 


STEPLESS Controllers (Model JSB) 
infinitely modulate electric heat. 

No on-off pulses. Prolongs heater-life, 
saves power. Exclusive manual 
switch, adjustable maximum and 
minimum input control. Tubeless. 
Compact. Least maintenance and 


operating attention required. 


PROGRAMMER (Model JSBG Stepless) 
for the most precise control of temperature- 
time cycle, integrated by simply cut 
cam. Most compact. Can also control 
secondary operation at any point in the 
time cycle. Program Controllers are also 
available with other control forms:— 
(Off-On, Proportioning, etc.) Ask your 
West representative or write direct for 


Bulletins JSB and JG. 


See us at the 

ISA INSTRUMENT-AUTOMATION 
CONFERENCE & EXHIBIT 

San Francisco, Calif. 

Brooks Hall 

May 10-12, 1960 

Booth 419-421 


4353C W. MONTROSE, CHICAGO 41, ILL. 


Solder Paste Alloys 

The solder paste alloys developed by | 
Physical Research Laboratories are highly | 
specialized solder media which utilize 
special atomized eutectic alloys and pre- 
cision controlled flux chemicals especi- 
ally suited for soldering nickel chrome 
resistance alloys, stainless steel, and nu- 
merous other complex alloys known to 
those in the electrical and electronics 
fields. PRN 390 has a melting point of 225 
degrees C. and contains a special proprie- 
tary flux that is capable of sufficient activ- 
ity, yet leaves no corrosive residue. LS-59 
has a melting point of 585 degrees F. and 
provides greater bond strengths. PRN-400 
is a solder paste alloy with a melting point 
of 439 degrees F. 
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Photoconductive Cells 


One-half inch diameter power cells of 
the photoconductive type, combining rela- 
tively high dissipation ratings with a 
small, hermetically sealed package, have 
been announced as available in a new 
series, the 500 Line, by Clairex Corpora- 
tion. Type 504 is an extremely sensitive 
Cadmium Selenide type with a relatively 
high speed of response; the 505, Cadmium 
Sulphide. 
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Transistor Tester 

A transistor test and classification com-_ 
puter is being manufactured by Industro 
Transistor Corporation. The instrument, 
ITVAC (Industro Transistor Value Auto- 
matic Computer), is available in several 
models, and can test 750 transistors per 
hour, classify them according to program- 
med specifications and record the test data 
of each unit in one or more of several 
recording methods. Accuracy of the ma- 
chine is on the order of % of 1%, and is 
maintained by a series of self-checks that 
ITVAC undergoes before every transistor 
test. A battery of standard cells built into 
the machine is used as a reference by the 
machine before testing. 
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Silicon Transistor Series 

Western ‘Transistor Corporation re- 
vealed development and production of a 
new series of p-n-p silicon alloy transis- 
tors, carrying the trade name “WesTran”’, 
The ‘327’ series is designed for switching 
and general purpose application at low 
and medium power levels. Engineered to 
exceed Mil Spec T-19500, they are more 
structurally rigid than required in such 
environmental conditions as acceleration, 
shock, strong impact, and thermal fatigue. 
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Component Life-Test Oven 

A new elevated-temperature thermo- 
statically controlled life-test oven with 
complete internal power-supply and test- 
facility circuitry has been introduced by 
ITT. The new unit handles 660 bi-polar 
components or 330 tri-polar devices. 
Standard units are rated at 125°C maxi- 
mum. Test circuitry is rated at 750 volts 


the trend is to WEST 


and 5 amperes with resistance less than 
0.5 ohm. Power requirements are 1600 
watts at 115 or 230 volts and 50 or 60 


British Subsidiary: 
WEST INSTRUMENT LTD., 


52 Regent St., Brighton-1, Sussex 
Represented in Canada by Davis Automatic Controls, Ltd. cycles. 
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jolid Circuit Networks 

Texas Instruments Incorporated has an- 
ounced the availability of its Solid Cir- 
it semiconductor networks. Each net- 
ork is a complete functioning electronic 
! cuit fabricated within a single piece of 
{igh-purity semiconductor crystal the size 
jf a matchhead. The new networks offer 
iromise of greatly improved reliability in 
ddition to dramatic size reduction. Wide 
pplication is anticipated in missile and 
} irborne electronics where miniaturiza- 
jion and reliability are of prime impor- 
tance. Applications already are being 
fnade in the computer field. 
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infrared Detector 


Se 


S ‘ GTN, FIGR 

A new infrared detector of extremely 
small area (0.1x0.lmm*) is now being 
roduced by Radiation Electronics Com- 
yany. Utilizing the photovoltaic effect in 
‘ndium antimonide at liquid nitrogen, the 
Model J-02 detector exhibits typical NEP 
alues of 2x10-“ watt at 5 microns and 
"x10 watt for 500°K Blackbody. It re- 
ponds from the visible region to 5.7 mi- 
crons with a time constant of less than 
one microsecond. 
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nsulator Wafers 

_ Hard-anodized insulator wafers for stud 
mounted diodes have been added to Mon- 
adnock Mills line of insulator wafers for 
semiconductors. Wafers provide outstand- 
ing dielectric insulation and thermal con- 
ductivity. Installed between diode and 
chassis and between hex jam nut and 
chassis. Extruded center hole insulates 
stud from chassis and eliminates necessity 
for separate insulating bushing. 
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Diode Testing System 

For manufacturers and users of diodes, 
the Flite-Tronics TM-1 Visual Diode 
Evaluation Monitor combined with the 
Model DE-48 Module simulates aging and 
provides rapid, efficient dynamic testing 
of diodes in quantity. Forward conduction 
current and reverse voltage of the diodes 
under test are readily monitored, when 
the output of the TM-1 is connected to a 
dual trace oscilliscope. 
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Transistor Test Set 

The Dynatran Model 1802 RF Transistor 
Test Set is designed to measure the im- 
portant RF parameters of both n-p-n and 
p-n-p transistors. This set provides direct 
readings of the alpha cut-off frequency 
and gain bandwidth product for junction 
transistors up to 50 megacycles. It also 
provides direct readings of the r’,C, prod- 
duct and the collector ouput capacity. 
This instrument is complete in itself and 
requires no auxiliary equipment. It is 
power line operated and contains no bat- 
teries. p 
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Silicon Power Transistors 

A new group of 12 diffused-junction 
power transistors of the silicon n-p-n 
type was announced by RCA. They are 
intended for a wide variety of applica- 
tions in industrial and military equip- 
ment operating at temperatures ranging 
from —65°C to -+175°. 

Circle 189 on Reader Service Card 


an 


«a! 
Newly developed 
for testing 


aimed toward 
more efficient 
performance of 


electronic components 


LABLINE 


PRODUC-TEMP 


SEMICONDUCTOR COMPONENTS 


The new Produc-Temp Bath 
answers today’s need for more crit- 
ical equipment to test component 
reliability. Ten separate thermistor 
controls in the Produc-Temp Bath 
maintain variable temperatures 
within +0.1°C. Bath temperatures 
can be kept constant or varied from 
100°C to —55°C. While fluid is 
agitated, test materials can be im- 
mersed and rotated in all possible 
planes. Mail coupon today. 


The top Line is LABLINE 


LABLINE, Inc. 
3070-82 W. Grand Ave., Chicago 22, Ill. 


Name Se 
Title_ ood aS Sen 
Firm 3 

Address eee 
City. > Sa Zone-. “States se: 


Ask your dealer or 
write today for Bulletin 31.5-Z 
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JUNCTION 
THERMAL 
IMPEDANCE 
REPRODUCIBLY 


eh rtCswsstsCSCi‘C <A 


ates 


TEST 
CONTROLLED 
RECTIFIERS 
DYNAMICALLY 


AT 1500 VOLTS 


ooo We Can! 


CALL OUR APPLICATION 
ENGINEER COLLECT 
FLANDERS 1-0700 
TO DISCUSS YOUR 
SEMICONDUCTOR 
TEST PROBLEMS 


WALLSON 


ASSOCIATES. INC. 
912-914 Westfield Ave., Elizabeth, N. J. 
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Silicon Power Rectifiers 


A full range phase shift control for Sili- 
con Controlled Rectifiers of all makes 
and ratings has been announced by Vec- 
Trol Engineering, Inc., under the regis- 
tered trademark “SILICONTROL.” A 
supersensitive phase shifting network 
applies 60 cycle steep pulses of constant 
amplitude to rectifier gates and varies 
their phase angle over 180° to con- 
trol the rectifier output from zero to 
maxium. Pulse rise time is only a few 


microseconds. 
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Semi-Automatic Tester 


Monitor Systems, Inc. announces the 
development of a component checkout 
system, the SATT (Semi-Automatic 
Transistor Tester). The rate of transistor 
testing is in the order of 30 or 60 tests/sec- 
ond, within an accuracy of 0.5%. Though 
primarily intended for the transistor in- 
dustry, is easily modified to test many 
other types of electronic components 
(resistors, capacitors, diodes, tubes, etc.) 
printed cards, and subassemblies. 
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Tunnel Diode Curve Tracer 


The new Trak Electronics Tunnel Di- 
ode Curve Tracer is an instrument for use 
with a laboratory oscilloscope and pre- 
sents the current-voltage characteristic 
of tunnel diodes throughout the nega- 
tive resistance region. The available 
range exceeds that necessary for testing 
currently available tunnel diodes in an- 
ticipation of new diodes with different 
characteristics. The accuracy of conver- 
sion from current to voltage is +1%. 
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Ultrasonic Cleaner 


A new Circosonic cleaner that combines 
the advantages of high frequency ultra- 
sonic cleaning, plus mechanical agitation 
action in a single unit, has been developed 
by the Circo Ultrasonic Corporation. In 
the new unit, the ultrasonic sound waves 
loosen the foreign matter from crevices, 
blind holes and threads, leaving the agi- 
tation action to float it away. Generator 
(PG500) and transducers (two model 
4090B’s) have an output of 500 watts av., 
1,000 watts peak; frequency of 40 KC; 
power output of 1,500 watts, 115 volts, 60 
cycles, 1 ph., weight of 75 pounds. Overall 
dimensions of the units are 19” wide x 
14” high x 15” deep. 
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Dry Box Gloves 

“Rad-Bar” lead-loaded dry box gloves, 
made by an exclusive formulation of 
Charleston Rubber Company now are be- 
ing offered in standard heavyweight and 
lightweight thicknesses, in several dimen- 
sions, styles and hand sizes. These lead- 
loaded Neoprene gloves are of a density 
of 3.95 grams per cubic centimeter. Tests 
conducted on Cadmium 109 at .087 Mev. 
show that the heavyweight glove, with 
0.060” nominal overall glove thickness has 
a lead equivalent of 0.36 MM and the 
lightweight glove with 0.030” nominal 
overall glove thickness has a lead equiva- 
lent of 0.10 MM. 
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it’s all in 
knowing 
how 


HIGHER YIELD 
OF DEVICES 


with 
LOW DISLOCATION DENSITY 
SILICON AND GERMANIUM ~ 
SINGLE CRYSTALS 
without 


CROW TRACK 
GROSS SLIPPAGE 


Rapid uncontrolled cooling of crys- 
tals during growth induces severe 
stress, which often causes these 
two common defects. The best 
‘preventive medicine’ is the experi- 
ence and knowledge of the grower 
— the “knowing how”. 


Test for ‘crow track’ 
by etching thin 
slices with a rapid 
etch. Then examine 
for cracking of ma- 
terial. The crack for- 
mation will differ 
with orientation,111 
orientation shown 


Gross slippage can 
be detected by a 
dislocation etch pit 
count. Here, the 
slippage (120°) ‘star’ 
pattern of 111 
oriented material is 
shown. 100 oriented 
material will display 
ao 00" ero SiS. 
pattern. 


Our “growing” reputation, for qual- 
ity of product grown to absolute 
specifications, is based on our 
clients’ experience and knowledge 
— of us. Perhaps we can help you 
as well. 


Tang 


SEMICONDUCTOR MATERIALS 
el 


TANG 
INDUSTRIES 
INC. 


49 JONES ROAD 
WALTHAM 54, MASSACHUSETTS 
Sales Representatives Coast to Coast 
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\lall-Effect Device 
{ The latest in a series of new Halltron 
Yall-effect devices has been introduced 
jy Ohio Semiconductors, Inc. An axial 
Id probe known as the Model HP-315, 
utilizes indium arsenide (InAs) for the 
etive element. It is capable of applica- 
on from —35°C to +85°C and has a 
j2mperature coefficient of approximately 
-0.1% per degree C. With a control cur- 
ent of 100 milliamperes and a flux density 
‘f 10 kilogauss, the nominal open circuit 
fall output voltage is 100 millivolts. 
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eat Sinks 


| The availability of two new heat sinks 
or JEDEC-30 transistors was announced 
by the Thermolloy Company. The #2208 
and #2209 are general purpose heat sinks 
‘or TO-5 and TO-9 outline transistors. De- 
signed especially for Mesa transistors, 
these heat sinks can be used both for 
brinted circuit board applications and 
nounting directly to metal chassis. 
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Alumina Abrasives 

- Geoscience Instruments Corp. announces 
abrasive crystals which meet the critical 
requirements of the electronic and semi- 
conductor industry and which will pro- 
duce the ultra high polished surfaces 
necessary for advanced device fabrication. 
“Corunda” (Liquid Sapphire & Liquid 
Ruby) is produced under the most exact- 
ing conditions assuring a new standard of 
uniform particle size. Homogeneity is cer- 
tified by the laboratory analysis of each 
batch produced. Every run is graded and 
the particle and size and lot number re- 
corded on the containers. 
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Semiconductor Preforms 


Provides Automatic Presentation Of: 


APPLICATIONS: zener diode voltage . . . transistor 


breakdown and zener voltage 


Laboratory 
Experimentation 


Circuit Design 
Quality Control 
Trouble Shooting 
Production Testing 


. . . diode inverse and reverse 
voltages. Also Tests For... 


zener diode impedance. 


ERA’s new Zener Diode Tester, 

Model DT100 is a self contained AC 

operated instrument designed for direct 

reading of zener voltage as a function of 

diode current. Provisions are also included 

for AC modulation of the diode current to permit 

the determination of zener impedance or zener slope for 

any given value of diode current. The instrument incorporates 

a wide range adjustable constant current generator which 

injects the desired value of current into the diode under test 

and maintains this current constant independent of line voltage 
fluctuations or zener voltage and impedance. The voltage appearing 
across the non-linear diode impedance is read directly by a high impedance 
DC voltmeter for the given current setting. 


SPECIFICATIONS 


Input Source 

Zener Voltage Range 
Zener Current Range 
Measurement Accuracy 
Metering 

Zener Impedance 
Physical 


Lead-antimony pretorms for n-p-n 
type transistors are now available from 
Alpha Metals, Inc. The alloy combina- 
tion most commonly used consists of 
90% lead, 10% antimony, and has a melt- 
ing point of 252° C. Other alloy com- 
binations, too, are available. The purity 
of the metals used exceeds 99.999%. They 
are available as spheres, discs, cylinders, 
cubes, and are also preformed into drops, 
washers, rings and special shapes. Alpha 
fabricates this alloy as cylinders with a 
diameter of .008” and a thickness of .010” 
in production quantities. 
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ERA manufactures a full 
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TI5VAC, 60cps 

0-300VDC 

50 Microamperes-50ma 

Better Than 2% 

Direct Reading Ez, Iz 

Provision for AC Modulation lac, Eac Reading 
Sloping Front Cabinet, Size: 1254 x 834 x 9V%yg inches 


Model DT100 $275.00 * 


* FOB Factory, Subject to change without notice 


line of transistor test equipment and transistorized devices. 


Write for complete technical bulletin on this (Catalogue #115) and related devices. 


*Pat. Appl. For 


ELECTRONIC RESEARCH ASSOCIATES 


67 Factory Pl., Cedar Grove, N. J. © CEnter 9-3000 e TWX NJ1144 


SUBSIDIARIES 


Era Electric Corp. * Era Pacific Inc. * Era Dynamics Corporation * Advanced Acoustics Corp. 
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with 
DURAMIC 
tooling 


Duramic tooling offers semiconductor manufac- 
turers a proven non-wetting alloying and solder- 
ing boat material, with greater wear resistance, 
exceptional dimensional stability, and cleanliness. 


Ask for Bulletin 117...Send prints for quotation. 


=D uramic 


PRODUCTS, INC. 
426 Commercial Avenue, Palisades Park, N. J. Windsor 7-0310 


Dept. SP-5S 
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FOR 
RESEARCH 
AND 
PRODUCTION 


CRYSTAL SECTIONING .005” to .010” 
Cut sections as thin as .005” practi- f } 

cally plano-parallel from blocks 3/4” 
x 144” x 3” in less than 5 minutes 
with this 6500 RPM 4” x .012” dia- 
mond wheel. Automatic, two direc- 
tion, precision table feed. Rate of 
feed set from 34” to 34" per minute. 
Y H.P., 115 volt, rubber mounted 
motor. Immediate delivery. 


Write for 
Specifications 


9 BRONWILL SCIENTIFIC 


Division of Will Corporation 


3905 Russell St., Box 3927, Rochester 10, N. Y. 
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Industry News 


CONFERENCE CALENDAR 


The Following June 1960 Meetings Are Scheduled: 


June 12-15 American Nuclear Society meeting, Chicago | 


June 15-18 American Physical Society, McGill Univer-. 
sity, Montreal, Canada. Sponsored by AIP. 


June 20-24 AIEE Summer General Meeting, Chalfonte- - 
Haddon Hall Hotel, Atlantic City, N. J. 


June 22-24 Electronic Standards & Measurements Con- - 
ference, National Bureau of Standards; 
Boulder Labs, Boulder, Colorado. Spon-: 
sored by PGI, NBS, AIEE. For Informa-- 
tion: George E. Schafer, National Bureau | 
of Standards, Boulder, Colo. 


June 23-24 Workshop’ on_ Solid-State Electronics, | 
Purdue University, West Lafayette, Indiana. . 
Sponsored by PGE, ASEE. For Information: 
Dr. James Mulligan, New York University, | 
University Heights, Bronx, N. Y. ; 


American Society for Testing Materials 
Annual Meeting, Chalfonte-Haddon Hall 
Hotel, Atlantic City, N. J. | 


June 26- 
July 1 


June 27-29 National Convention on Military Electronics, 
Sheraton Park Hotel, Washington, D. C. 
Sponsored by PGMIL. For Information: Dr. 
Craig Crenshaw, Dept. of Army, SIGRD-2, 
Washington 25, D. C. 


Dr. Farrington Daniels, vice president of the National 
Academy of Sciences and professor emeritus of the Uni- 
versity of Wisconsin, will present the annual Edgar 
Marburg Lecture at the 63rd Annual Meeting of the 
American Society for Testing Materials, in Atlantic City, 
June 29. This annual lecture is a memorial to the first 
secretary of ASTM and was established to emphasize the 
importance of furthering the knowledge of properties and 
testing of engineering materials. The launching of the 
artificial planet, Pioneer V, to orbit around the sun focuses 
attention dramatically on the use of solar energy to power 
the radio transmitters which are sending scientific data 
back to earth. Dr. Daniels will discuss the abundance and 
limitations of solar energy and will review solar energy 
research, emphasizing particularly the new materials 
which are necessary in the successful application of solar 
energy. The research review will include the subjects of 
heating, cooling, distillation of salt water, solar engines, 


| photoelectricity, thermal electricity and photochemistry. 


New materials to be discussed will include: plastics for 


_ reflectors and covers for solar collectors; silicon in solar 


cells; solid state devices for thermoelectric and thermionic 
energy converters; refrigerant systems for possible appli- 


(Continued on page 74) 
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TADANAC! BRAND 


High Purity 


LEAD 


TADANAC Brand High Purity Lead is 
99.9999% pure and is available in ingots, 
rods, powder, sheets and shot. It is also 
available as disc and spherical pellets and 
washers, suitable as solder preforms or for 
direct alloying with germanium in the pro- 
duction of alloy-junction transistors or 
diodes. 


Other high purity TADANAC Brand 
metals or compounds include Special Re- 
search Grade antimony, indium and tin; 
High Purity Grade bismuth, cadmium, 
indium, silver, tin, zinc and indium anti- 
monide. Send for our brochure—TADANAC 
Brand High Purity Metals. 


: COMINCOS 


THE CONSOLIDATED MINING AND SMELTING COMPANY OF CANADA LIMITED 
215 ST. JAMES ST. W., MONTREAL 1, QUEBEC, CANADA PHONE AVeNvE 8-3103 


' 0162 
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PHYSICIST 


ADVANCE DEVELOPMENT OF 
SEMICONDUCTOR DEVICES 


PHD, MS or equivalent with a background in solid 
state physics or electronics to analyze the operation of 
high frequency devices leading to the development of 


new device structures. 


WRITE: M. D. Chilcote, Div. SP-5 
Electronics Park, Syracuse, New York 


Semiconductor Products Dept. 


GENERAL @® ELECTRIC 
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(before) 


Reverse leakage 
tracing before 
immersion 

in H20>. 


(after) 


Reverse leakage 
tracing after 
immersion 

in H202, 

dried without 
washing 
(virtually no 
change). 


Here's proof ! 
No increase in reverse leakage 
when you etch diodes in 


BECCO Hydrogen Peroxide! 


~*~ To test the effect of impurity-free Becco Hydrogen Peroxide 
across an unsealed diffused silicon junction diode, the following “tor- 
ture test” was performed: 600 volts AC were applied across the diode, 
and the reverse leakage current depicted on an oscillograph. Then, the 
diode was immersed in Becco 30% Reagent Grade Hydrogen Peroxide. 
The diode, without being washed in any way, was placed on a hot plate 
and the H,0, was evaporated. 


The voltage was re-applied and the tracing produced was virtually 
identical (see above)—proof that no impurities that could affect the 
diode exist in Becco Hydrogen Peroxide. 


Of course, you'll use Becco H,0, at a different stage—when you etch 
the diode. And, of course, good practice still dictates that you wash the 
diode in pure water following the etch. Nevertheless, this test proves 
that you need not be too concerned with your wash when you etch in 
Becco H,02, since the peroxide itself, made by an inorganic method, 
can not deposit any impurities of its own on the diode. 


Becco packages its Reagent Grade H,0, in returnable or non-return- 


able polyethylene containers to insure its purity when it arrives at your 
plant. Write us for further information or specifications, analysis, 


prices, etc. Address: Dept. SP-6. 


BECCO’ 


\ 

~ BECCO CHEMICAL DIVISION 

“=. Food Machinery and Chemical Corporation [eke 
es Station B, Buffalo 7, New York 
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“te 
KANTHAL 
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® ° 
KANTHAL ceramic tube elements 
World renowned Kanthal A-1 alloy (Fe, Cr, Co, Al) 
ceramic embedded in six, standatd, ready-to-mount 
sizes for intermittent temperatures to 2460°F: 


Inside *Heating List 
Dia. Length Price 


1-9/16" 7-7/8" $32.94 
1-9/16" 19-3/4" $54.32 
7-7/8" $38.21 
19-3/4" $73.47 
7-7/8" $39.61 
19-3/4” $76.48 


Type Rating Volts Resist- 
No. Max. Max. ance 


800 W. 0.26 
1200 W. 0.65 
REH-7-30 1200 W. 0.44 2-3/4” 
REH-7-60 1800 W. 1.05 2-3/4” 
REH-10-30 1800 W. 0.59 4” 
REH-10-60 2500 W. 1.44 4” 


REH-4-30 
REH-4-60 


* Std. units can be arranged in series to provide a variety 
of heating lengths. 


Ceramic mounting parts for above elements as well 
as complete laboratory furnaces also available. 
Write for brochures. 


me KANTHAL coreoranion 


19 Amelia PI., Stamford, Conn. 
Can. Rep., Ferro Enamels, Ont., Can. 


ay, 
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METALLURGIST 


ADVANCE DEVELOPMENT OF 


SEMICONDUCTOR DEVICES 


PHD or MS or equivalent with background in Physical 
Metallurgy or solid state to assist in development of 
micro metallurgical techniques under protective at- 
mospheres, vacuum deposition of high purity metals, 
and the study of re-crystallization of rare metals dur- 
ing alloying and welding operations on subminiature 


scale. 


WRITE: M. D. Chilcote, Div. SP-5 
Semiconductor Products Dept. 


Electronics Park, Syracuse, New York 


Industry News 
(from page 72) 


cation in solar cooling cycles; and selective coatings for | 
attaining high efficiency energy absorbers. 


RESEARCH & DEVELOPMENT 


A new concept in transistor design involving high speed | 
switching at low power levels for computer usage has been : 
achieved by the Lansdale Division of Philco. Called a: 
“micro-energy” switch, this device has been designed and | 
constructed: so that all internal device capacities are ex-: 
ceedingly small. Philco’s first micro-energy switch features : 
an emitter transition capacity less than one-third and a: 
collector capacity approximately one-half that of conven-: 
tional units. The gain bandwidth product is specified to be | 
greater than 125 mc at a collector voltage of 1 V and 4: 
collector current of 1 ma and the beta characteristic opti-. 
mizes at approximately 1 ma. The minimum saturation cure. 
rent gain of the transistor is 25 at a collector current of 2! 
ma. This switch will operate in simple high-speed logic cir- . 
cuits at pulse rates in excess of 10 mc when switching col-. 
lector currents as small as 1 ma from collector supply’ 
voltages as small as 1 V. It permits the design of high-speed | 
logic circuits operating with an overall power consumption } 
of less than one-third that of circuits designed with conven- - 
tional transistors. Micro-energy switches now being de-- 
signed will widen this gap considerably. 


The development and commercial availability of a man-. 
made diamond for metal bonded grinding wheels has been 
announced by the Metallurgical Products Department of 
General Electric Company. Typical particles of the new’ 
diamond are of single crystal and blocky shape, with many 
showing regular crystal faces. The color ranges from light 
green to gray-black with light colored particles pre-. 
dominating. Crystal surfaces are smoother than the res- 
inoid-vitrified bonded type, but are still considerably more 
irregular than the surface of natural diamond fragments 
of similar size, according to the company. They are avail- 
able in sizes up to 100 mesh, and will be used in metal 
bonded grinding wheels for lens laps, glass grinding, (in- 
cluding pencil edging and beveling) electrolytic grinding 
and conventional grinding on cemented carbide. Other 
applications favored are forming and shaping of synthetic 
sapphires, cutting germanium and quartz, and the grind- 
ing of ceramics for missile components, such as ceramic 
nose cones. 

Under the sponsorship of a Signal Corps research and. 


development contract and also a separate fabrication con-. 
tract, an X-band solid-state maser amplifier, the “ruby 
maser,” was developed and fabricated by Hughes Airs: 
craft Company. The effort under the contract was directed 
toward obtaining the maximum gain-bandwidth product 
and toward making the amplifier as stable and compact as 
possible. Achievement of substantial miniaturization in 
(Continued on page 76) p 
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Useful applications: 

@ Analyzing “Freon” and Sulfur 
Dioxide refrigerants. 

@® Continuous or batch analyses 
of moisture in a wide variety 
of gas streams — including 
process streams, inert atmos- 
pheres required in plant proc- 
esses and laboratory dry 
boxes, and plant instrument 
streams. 

@ Measuring reaction rates 
where water is involved as a 
reactant, product or catalyst. 
Available in portable, weather- 


MOISTURE ANALYZER proof, explosion-proof, auto- 

cence’ ccalt. witli matic control and recording 
adjustable alarm units. 

All Model W analyzers include flow indicators 


Write for complete information 
MANUFACTURERS ENGINEERING 


& EQUIPMENT CORP. 
10 Sunset Lane, Hatboro, Pa. 
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AODEL W ELECTROLYTIC 


SEMI-CONDUCTOR 
EQUIPMENT 


COMPUTER 
TEST SEL 


Model P 136 
MANUAL 
SEMI-AUTOMATIC 


AUTOMATIC 


Quality and Reliability 


COMPLETE SYSTEMS BUILT TO 
YOUR REQUIREMENTS 


pbcrvtrounte . - 


Associates, Inc. CONTOOCOOK, N.H. 
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DUMONT STYLES 


— 
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SUSPENSION SYSTEM 


MODEL 
200 
MICRO- 
POSITIONER 


Kani § Micropositioners 
a with exclusive pre-loading suspension 


One of a line of micropositioners designed for use in the 
manufacture of semiconductors, the K & S Model 200 finds 
wide application wherever micropositioning is part of the 
job. In addition to compensating for temperature changes, 
the exclusive K & S suspension reduces possible damage 
from shock loads . . . completely eliminates free play. 


REQUEST DATA FILE M101 


KULICKE and SOFFA 
1234 CALLOWHILL STREET 
PHILADELPHIA 23, PENNSYLVANIA 
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PHYSICAL CHEMIST 


ADVANCE DEVELOPMENT OF 
SEMICONDUCTOR DEVICES 


PHD, MS or equivalent with a background in surface- 


gas reactions, diffusion, surface reaction kinetics or 


electrochemical phenomenon to develop basic proc- 


esses for the stabilization of semiconductor device 


surfaces. 


WRITE: M. D. Chilcote, Div. SP-5 
Semiconductor Products Dept. 


Electronics Park, Syracuse, New York 


AVAILABLE NOW! 


BOUND VOLUME 


Proceedings of the 2nd Conference on Nuclear 


Radiation Effects on Semiconductor Devices, 


Materials and Circuits. 


AVOID DISAPPOINTMENT—ORDER YOUR COPIES NOW! 


Con- 


tains 23 Papers, Complete With Illustrations, by the Foremost 


Authorities in the Field. Don’t Miss Out on This Invaluable In- 


formation—Only $4.50 a Copy. 


Limited Edition of this Once-A-Year Symposium 


Semiconductor Products, Dept. MG 
300 West 43rd Street, New York 36, N. Y. 


Send asa «s copylies) of ‘Pro- Remittance Enclosed ........ 
ceedings’ @ $4.50 each, Company ....... Bill me ... 
INGiniecSasrclois exci tors shored ele Company 3S eee 
BOaress isi). peters nore seep eens Address 2).).)..5. eee 
City ies Zone .. State City nies... Zone State 


Industry News a 
(from page 74) a4 
maser design is reflected in the over-all weight and size} 
which are 25 pounds and % cubic foot respectively. The: 
gain-bandwidth product of this amplifier is 105 Mc when 
operating at the temperature of liquid helium (4.2° K),) 
The paramagnetic crystal employed in the amplifier is; 
synthetic ruby having about 0.1% chromium concentra-. 
tion, Basically, high performance, reliability and minia- 
turization all are achieved by the use of a “ruby cavity.” 


An analysis of the efficiency of solar batteries such as 
those mounted on the paddles that power the paddle wheel: 
satellite was presented at the American Physical Societys 
meeting in Detroit recently by Drs. Hans J. Queisser anc; 
William Shockley. In commenting on his investigation) 
carried out under contract with the Air Force Wright Air 
Development Center, Dr. Shockley said “The investigation 
leads to the important conclusion that no known basie 
reason precludes an improvement of 50% in solar batteries: 
by better fabrication methods. The relative inefficiency of: 
present solar batteries arises from unknown and uncon- 
trolled recombination centers which absorb unnecessarily ; 
large fractions of the electric current generated by sun-- 
light. Research on the nature and elimination of these un-- 
wanted centers will pay big dividends in the program of! 
sun-powered batteries.” 


General Electric Company announced that it has de-- 
veloped a transistorized multiplex-carrier system capable: 
of handling up to 600 voice frequency channels on a single : 
radio beam. Fully transistorized, the new single sideband | 
suppressed carrier system has toll quality capable of! 
meeting international and domestic long-distance stand-- 
ards, according to the company. It will be of primary im- - 
portance to telephone and wire line companies but also: 
will have substantial benefits for utilities, railroads, pipe-- 
lines and other users of microwave and cable systems. , 


Bendix Radio Division’s 2R series transistorized rail- - 
road radio provides end-to-end, train-to-train, and way- 
side-to-train communications. Its advantages include: 
greater receiver sensitivity, 12-watt audio output, and 
facilities for up to four-channel operation, according to 
the company. Other features include completely tran- 
sistorized power supplies for the 12- and 72-volt units, 
transistorized receiver, transistorized audio circuit in the 
transmitter, a transistorized “protective” circuit in the 
72-volt unit to guard against overloads, an optional 
“battery saver” circuit for the 12-volt unit to reduce drain 
when the unit is in stand-by (receiving only) condition. 


Minnesota Mining & Manufacturing Co. officials stated 
recently that a thermoelectric generator research and de- 
velopment contract just awarded 3M by the Navy De- 
partment represents an important step in the development 
of practical applications for thermoelectric materials and 
devices. The 3M Company was one of two firms awarded 
research and development contracts for a 500 watt gaso- 
line or gas fueled thermoelectric field generator. The port- 
able generator, which is designed to power surveillance 
radar, communications equipment and other field gear, 
must weigh no more than 35 pounds. 

Robert W. Fritts, manager of 3M’s thermoelectricity 
program, said, “We feel the major markets, both military 
and commercial, for thermoelectric generators in the years 
immediately ahead will involve gas and gasoline burning 
devices producing 1000 watts of power or less. We have 
been working for some time on the design and construc- 
tion of a device very similar to that which the Navy has 
specified and our thermoelectric group has many years of 
experience in working with modified lead telluride, which 
is considered one of the best materials available for gen- 
erator applications such as this.” 
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FOR REPRODUCIBLE RESULTS 


ULTRA-PRECISE 
HIGH-PURITY 
SEMICONDUCTOR PREFORMS 


All your requirements in a complete 
range of alloys for alloying and solder- 
ing, with purities held to 99.999+% 
in the form of spheres, discs, washers, 
pellets and special shapes, precision 
fabricated to your specification. 


? Bulletin A-68 
; ... Send 
prints for 
quotation. 


_——==Accurate 


: Specialties Co., Inc. 
37-11 57th Street - Woodside 77, N.Y. + TWining 9-5757 


Circle No. 50 on Reader Service Card 


S$TRITE 
CHAIRS » STOOLS — 


Dept. SP-5 


SEAT TO DESIRED HEIGHT 


om ‘> “> ~” 


| z SPECIAL CHAIRS FOR WHITE ROOMS 
| AND DUST FREE AREAS 


| e All Enclosed Mechanism | 
y \ o—— : e No Oil or Grease 
Bow ue e All Chrome Plate Finish / 
Ge ey YZ _- @ Easily Cleaned } 
on oe at @ 12 Ga. All-Steel Seat; 14”’ x 1534//- / 
a? al Waterfall Form. Sand Blast Sur- | 


face. Adjusts 18” to 26’. / 
@ 12 Ga. Steel Backrest; 6’ x 1334 /"— 
with tempered steel backrest sup- 


Model / port. 6 inch horizontal adjustment, 
CSSC-1826-CP | Backrest folds down to make easy 
4 cleaning. 
{ ra @Cast Iron Base; 20-inch spread. 
grr 1%” steel glides. 


Other White Room chairs with lac- 
quered plywood seat and backrest. 
FREE TRIAL Use an AJUST RITE chair / 
for 30 days without obligation. Prove 

to yourself the many advantages | 
AJUSTRITE offers in comfort, utility 
and economy. Write today—we’ll do 

the rest. | 
10 YEAR GUARANTEE 


32 Models for Factories ¢ Schools * Laboratories * Hospitals « Offices 


“AJUSTO EQUIPMENT CO. — 


BOWLING GREEN, OHIO 


521 CONNEAUT ST. . 
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{] CHECK ENCLOSED 


JUST 


OFF 
THE 


PRESS 


GET YOUR COMPLETELY NEW 
SOURCE BOOK ON INDIUM 


INDIUM 


“7te MAGICAL 49th Element 


PARTIAL LIST 
OF CONTENTS 


Discovery, Occurrence, 
Detection, Estimation and 
Extraction of Indium. 
Physical Properties of Indium 
Table of Physical 
Constants 
Atomic Diameters of 
Metallic Elements 
Constitution of Indium Alloy 
Systems 
Binary Systems 
Ternary Systems 
Quaternary Systems 
Quinary Systems 
Phase Diagrams 
Low Melting Solders 
Bearing and Brazing Alloys 
Metallography of Alloys 
INDALLOY Intermediate 
Solders 
Nomographic Charts of 
Pellets and Spheres 
Chemical Properties and 
Compounds of Indium 
Electrochemical Properties 
Electrochemical Methods 
of Analysis 
Physical Constants of 
Inorganic Compounds 
Indium Plating, Stripping, 
Recovery 


Plus... 


ANNOTATED 
BIBLIOGRAPHY 


reporting concisely on all writ- 
ings about Indium properly in- 
dexed and sectionalized for 
reference. 


THE I N D I U M CORPORATION OF AMERICA 


1776 LINCOLN AVENUE @ UTICA, NEW YORK 


|] Please send free bulletin and further information on your new book 


‘ 


“Indium”. 


[-] Please send me immediately 


at $10.00 per copy. 


Name 
Title 


Address 


C BILL MY FIRM 


This new reference book 
on Indium will find its 
place in hundreds of uni- 
versity and technical 
libraries in many coun- 
tries. It will be a worthy 
companion to research- 
minded engineers... 
everywhere! 


770 fact-filled pages 


© 91 photos and 
drawings 

3 years of editing 

In 1950, we published the 
first edition of “Indium” 
which has been out of 
print for some time. This 
is a completely new edi- 
tion... almost 500 more 
pages than the first! It will 
make a handy addition to 
your reference shelf. 


_ SINCE 1934 
aa 


Pioneers in the 
Development and 
Applications of 
Indium for Industry 


p@ MAIL COUPON TODAY 


copy(s) of your new book priced 


(] SEND C.0.D. 
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statistical 
Quality Control 
assures specified size, 
color, density, uniformity 


Shown above are representative 
glass sealing preforms, pro- 
duced by Glass Beads Corpora- 
tion. Beads of required geome- 
try and controlled density are 
made in a wide variety of sizes, 
colors and styles for both match- 
ing-coefficient and compression- 
type seals. Specially designed, 
modern facilities and sgkilled 
personnel assure prompt serv- 
ice, highest quality and depend- 
able uniformity. Send drawings 
for quotation. 


GLASS BEADS 
CORPORATION 


P. O. Box A- 266 Latrobe, Pennsylvania 
Phone: Latrobe, Keystone 9-1592 
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New 
Literature 


The Lansdale Division of Philco Corp. 
has made a Transistor Application Guide 
available in response to industry’s many 
queries concerning the proper selection 
of transistor types for specific applica- 
tions. The guide, in booklet form, in- 
dicates suitable transistor types for each 
major application. Transistors are classi- 
fied in terms of one or two important 
parameters. Information is primarily pre- 
sented in graphs and curves for sim- 
plicity. Data given by charts is intended 
to be reasonably typical of performance 
that has been obtained in practical cir- 
cuits. 
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A new group of technical data sheets 
describing the physical properties of 
alloys used in the manufacture of semi- 
conductor devices has been released by 
Alpha Metals, Inc. These latest “Semi- 
conductor Data Sheets” describe the 
properties of aluminum-silicon, lead-sil- 
ver and indium-gallium alloys. Part of 
a continuing series, each data sheet con- 
tains a phase diagram of one of these 
alloys, a description of its phase relation- 
ship and crystal structure, properties and 
fabrication possibilities. 
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A two-color, four-page brochure has 
been prepared by Schweber Electronics 
to aid buyers and engineers in the se- 
lection of Vitramon Capacitors. It 
contains illustrations and details of Axial 
and Axial-Radial Series and the new 
ceramic Micro-Miniature capacitors, and 
lists their availability by part number, 
capacity, dimensions, etc. 
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An up-to-the-minute summary of the 
forms, properties and applications of Dow 
Corning Silicones is contained in a 16- 
page brochure. Products reviewed range 
from adhesives to release agents, laminat- 
ing resins to rubber compounds, and elec- 
trical insulation to water repellents. The 
table of contents is arranged according to 
applications enabling quick, easy refer- 
ence to silicone materials. 
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For information concerning Transistors, 
Diodes & Rectifiers, D.A.T.A. offers com- 
plete, worldwide, up-to-date Reference 
Service. Characteristics tabulations in 
each category reduce the “dogwork” and 
give immediate information four ways: 
Listed first in major characteristics se- 
quence, you can quickly locate the type 
best suited to your requirements, similar 
types are grouped together. All manu- 
facturers of each type are included in 
the Type Number Cross-Index. Each 
manufacturer’s complete product line is 
itemized separately. Complete, supersed- 
ing editions of each of their three tabu- 
lations are issued semiannually, plus a 
supplement to the Transistor Character- 
istics Tabulation between each complete 
edition. Price and information on free 
offer with each new subscription available 
from D.A.T.A., Inc. 
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of 


YOUR ceaticn 


Manufactured to the highest 
standard of Purity, Homogeneity, 
Repeatability and Reliability. 
e Doped Gold Alloys 
e 99.999 Aluminum and Alloys 


e Heavy Buildup of Tin, In- 
dium and Alloys on Base 


Metal Wire 
e 99.999 Gold to as small as 
.0004 


e Wollaston Wire 


The closest tolerances held on all 
physical and electrical properties. 


Write for data on your specific needs. 


SECON METALS CORP. 


7 Intervale St., White Plains, N. Y. 
WHite Plains 9-4757 
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>» Net Price , $55 


FOB Flushing, N.Y. 


TRANSISTOR 
CHECKER 


Checks General Purpose, Audio, R.F., 
Low Power and Switching Transistors 
NPN and PNP 


Measures: Ico 0-50 microamperes 
B 0-250 and 0-1000 


100% push button operation (no ad- 


justments) 
Self-contained (battery operated) 
2 way socket — linear and triangular 


Meter and transistor overload protection 
Direct reading 
Useful for: 


@ Matching for push- 
pull circuits 

@ Checking accepta- 
bility 


@ Selecting required 
gain 
@ Observing overload 


Instant Circuits 


32-44 Francis Lewis Bldg. 
Flushing 58, N.Y. 
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EICO 
Electronics 
Catalog 


you save 50% on Top- Quality 
Test Instruments 
Hi-Fi e Ham Gear 


KITS AND WIRED 


for professional and home use 


TEST INSTRUMENTS HI-FI 
battery eliminators stereo and monaural 
battery testers tuners 


bridges 

decade boxes 

electronic switch 
_ flyback tester 
oscilloscopes 


J 

1 

' 

' 

'‘ 

{preamplifiers 

t 

‘ 

' 

' 

' 

t 
probes : 

' 

' 

' 

' 

t 

' 

' 

' 

' 

' 

' 

' 

' 


power amplifiers 
integrated amplifiers 
speaker systems 


HAM GEAR 

cw transmitter 
modulator-driver 
grid dip meter 


OVER 1 MILLION 

EICO instruments in 

volt-ohm- use throughout 
milliammeters the world. 

LIFETIME service and calabration guarantee. 

IN STOCK at your neighborhood EICO dealer. 

Send now for FREE catalog sP-5 


signal and 
sweep generators 
tube testers ' 
transistor tester 
vacuum tube 
voltmeters 


~ 33-00 N. Bivd., L. 1. C. 1, N.Y. 


.. . praised by the experts 
as BEST BUYS IN ELECTRONICS 


GO ELECTRONIC INSTR. CO., INC. 
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High-Speed 


OPTICS 


For Image Amplifiers— 
Speeds Equal to F/0.5 


® Designed for use with RCA— 
Phillips — Bendix — Friez — Westing- 
house and cascading image ampli- 
fiers, One to one systems of extreme 
speed—short focal lengths. 

@ New Optical Systems available for 
prompt delivery from stock. State full 
data for quotation. Ideal for X-Ray— 
Radiation research and astronomic 
telescopes. 

@ Other optics, photo and recording 
equipment available 

from. world’s 

largest “LENS BANK”’ 


—Write for Encyclope- 
dia Catalog. 


BURKE & JAMES, INC 
321 S.Wabash Chicago 4, Illinois 
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For Sale—Several 20 & 25KW INDUCTION 
HEATING GENERATORS, suitable for silicon 
& germanium processing, excellent used con- 
dition, extremely attractive prices, immediate 
delivery. 


Electronic Laboratory Supply Company 
7208 Germantown Avenue 


Philadelphia 19, Pa., Chestnut Hill 8-2700 
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Wakefield Engineering, Inc., announces 
the availability of their technical Bulletin 
No. 260 and Price List on Semiconductor 
Heat Exchangers, Series 5000, for Medium 
Pressure Forced Air Cooling Systems us- 
ing transistors, Zener diodes and rectifiers. 
Contains a complete description on the 
material, construction, finish, mounting, 
and ducting and baffling of the heat 
sinks. Illustrations, line drawings, and 
Characteristic Curves are given for each 
of the five models. 
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Dialight Digest consists of 24 pages 
(84%4” x 11”) of condensed technical data 
on a wide range of Dialco Pilot Light 
Assemblies and the lamps for which they 
were designed. A section is devoted to 
Lens Holders with lenses for panel mount- 
ing, Cable Connectors, and Bracket- 
Mounted Sockets for small lamps. 
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The new Kepco catalog (B601) of Vol- 
tage Regulated Power Supplies gives full 
descriptive data of active standard models 
in the transistorized, vacuum tube, mag- 
netic and hybrid design groups of the 
company’s wide line of power supplies. A 
new dual index by design group and out- 
put voltage range provides easy access to 
this data. 
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Performance characteristics, description 
and tables showing diameters of wire 
available are shown in CERON ST data 
sheet, from Kanthal Corp., on resistance 
alloy wire with new dual layer, high 
temperature insulation of ceramic and 
Tefion (TFE fliuoro-carbon). Complete 
specification data is given. 
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Allied Radio Corporation announces 
publication of a greatly expanded sixth 
edition of the Allied Semiconductor Di- 
rectory. This complete purchasins di- 
rectory includes the newest power, high- 
speed switching, high-current, Zener di- 
odes and diffused junction mesa type 
transistors. Also listed are the latest micro- 
diodes, voltages-variable capacitors and 
photo-sensitive devices. 
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Anchor Metal Co. Inc. announces the 
publication of a booklet written especially 
for production personnel involved in soft 
and hard soldering. The 6-page manual 
“Anchor Solder and Its Proper Applica- 
tion,” provides an interesting summary of 
the origin and uses of the soldering proc- 
ess throughout the world. In addition, 
there is a section devoted to the soldering 
of aluminum including tips on the most 
effective method. 
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Sprague Electric Company has made 
available Engineering Data Sheet No. 
6201B on their Resin-Dipped Formulation 
23 Monolythic Ceramic Capacitors. Sheet 
lists performance characteristics and gives 
a Cross Reference Guide. 
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Abbeon Supply Company has issued 
Information Bulletin 569 containing facts 
about Dehumidification for industrial 
plants, warehouses, stockrooms and lab- 
oratories. Answers typical questions in 
this field and illustrates available equip- 
ment with prices for various units. 
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ELECTRONICS 


60 HERRICKS ROAD, 


MINEOLA, L,1I., N.Y. 


~ ‘7 PIONEER 6-6520. 


TWX G-CY-NY-580U 
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HIGH FREQUENCY 
INDUCTION 


EATING 


Lepel induction 
heating equipment represents “<< 
the most advanced thought in the 
field of electronics... the most prac- 
tical and efficient source of heat 
developed for numerous industrial 
applications. You are invited to send 
samples of work with specifications: 
Our engineers will process and re- 
turn the completed job with full data 
and recommendations without cost 
or obligations. 


FLOATING ZONE UNIT FOR METAL 
REFINING AND CRYSTAL GROWING 


A new floating zone fixture for the 
production of ultra-high purity metals 
and semi-conductor materials. Purifica- 
tion or crystal growing is achieved by 
traversing a narrow molten zone along 
the length of the process bar while it is 
being supported vertically in vacumm or 
inert gas. Designed primarily for pro- 
duction purposes, Model HCP also pro- 
vides great flexibility for laboratory 
studies. 


Model HCP 


Features 


® A smooth, positive mechanical 
drive system with continuously 
variable up, down and rota- 
tional speeds, all independ. 
ently controlled. 

@ An arrangement to- rapidly 
center the process bar within 
a straight walled quartz tube 
supported between gas-tight, 
water-cooled end plates. Place- 
ment of the quartz tube is ra- 
ther simple and adapters can 
be used to accomodate larger 
diameter tubes for larger pros 
cess bars. 

@ Continuous water cooling for 
the outside of the quartz tube 
during operation. 

@ Assembly and dis-assembly of 
this system including removal 
of the completed process har 

is simple and rapid. 


WRITE FOR NEW LEPEL CATALOG 
Electronic Tube Generators from 1 Kw to 100 Kw. 
Spark Gap Converters from 2 Kw to 30 Kw. 


HIGH FREQUENCY 


V py fh 
Lepel LABORATORIES, INC. 
55th ST. & 37th AVE., WOODSIDE 77, N.Y. 
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Personnel 
Notes 


William J. Peltz, vice president and gen- 
eral manager of the Lansdale Division of 
Philco Corporation, has announced new 
staff and managerial appointments as 
part of the expansion planning of this 
division. Stephen L. Levy, assistant to the 
vice president and general manager of the 
division; H. Kenneth Ishler, general man- 
ager of semiconductor operations; Ray- 
mond M. Cotter, director of manufactur- 
ing for semiconductor operations; George 
W. Pratt, director of engineering service; 
Charles Lupton, director of industrial re- 
lations; Cyrus H. Warshaw, director of 
marketing and William F. Maher, man- 
ager of sales. 


As part of an expansion and reorgani- 
zation of General Instrument Corpora- 
tion’s Semiconductor Division, a series of 
promotions and engineering staff addi- 
tions have been announced by Maurice 
Friedman, Vice President and General 
Manager of the Division. They include: 
William J. Feldman, Chief Industrial 
Engineer, Eric J. W. Evans, Chief Ger- 
manium Diode Process Engineer; E. 
Thomas Middleswarth, Chief Glass Tech- 
nologist; Ralph H. Garten, Senior Indus- 
trial Engineer; Lawrence P. Goetz, Senior 
Process Engineer; Kurt J. Sonneborn, 
Senior Process Engineer. 


The J. T. Baker Chemical Company, 
Phillipsburg, New Jersey, through its 
President, Dr. J. R. Stevens, announces 
the appointment of Dr. Charles H. 
Schramm as Scientific Director. 


Harold C. Potter has been ap- 
pointed manager of sales for General 
Electric’s Semicondutcor Products De- 
partment. Mr. Potter’s office is located at 
the Department’s marketing headquarters 
in the Charles Building, Liverpool, N.Y. 


Ira W. Hutchison, Manager of the In- 
ternational Department, Dow Corning 
Corp., Midland, Michigan, has also been 
named president of its new subsidiary, 
Dow Corning International S.A. 


Boonton Electronics Corporation of Mor- 
ris Plains, New Jersey has announced the 
appointment of Raymond E. Lafferty as 
Chief Engineer. Mr. Lafferty will be con- 
cerned with the design and development 
of new test equipment and with applica- 
tion engineering. 


Dwight N. Wait has been named gen- 
eral manager of Kemet Company, Divi- 
sion of Union Carbide Corporation it was 
announced by John D. McQuade, Pres. 


Frank G. Gustafson has been appointed 
supervisor of the process engineering de- 
partment in Plant 7 at Norton Company, 
Worcester, Mass. Joining the company in 
the sales training course in 1952, he has 
worked, successively, as a grinding engi- 
neer, sales engineer, supervisor of the 
sales engineering department and chief 
sales engineer of the abrasive division. 


Charles H. Sommer was elected presi- 
dent of Monsanto Chemical Company re- 
cently and Charles Allen Thomas was 
elected chairman of the Board of Di- 
rectors. 


“NORTH HILLS’ 


CURRENT GOVERNOR 


Model CS-112 


Constant Current 


@ Precision Current Source : 
@ AC or DC Output 
© Transistor and Diode Tester 


Accuracy ; 
» High » Exeellent a Programmable 


For testing and measurement of ; 
transistors, diodes, clutches, solenoids, 
meters, other current sensitive devices. 

© Current Range is 0.14a to 10 ma 

with 5 decade selectors. 

© Regulation and stability 0.05% 

e@ Accuracy 2% 
In use by leading companies for 
transistor avalanche: test, diode 
PIV test, clutch testing, calibration. 


Literature describing this and other 
constant current sources from 0.1ua to 
30 amp. may be obtained from 


NORTH HILLSi 


ELECTRIC COMPANY, INCE 
402 SAGAMORE AVE., MINEOLA, N.Y. Ploneer 7-0555 | 
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Super-Sub-Miniature 
ransiormers 


For transistor circuitry 


in servo-mechanisms, hearing 
aids, radios, telephones 


® High reliability guaranteed. 


pm Large quantities used, with transistors, 
by leading manufacturers. 


p Some of the most Important prototypes 
in use today are: 


Type H W D 
M-200% cients -237. 340 ~=—-.280 
F=2010 — «1. 263-4105 325 

AAT-408 ...... 23072 .G/ Ome Seo 


SM-400 ...... .400 .563. .485 
NA-2350 ...... 750° 11 .750 
GEN-2020 ...... Ye” 14%," %,” 


w Immediate delivery from inventory cov- 
ering wide range of impedance ratios 
in sub-miniature and super-sub-minia- 
ture sizes. 


®& Prototypes—Designed or wound and 
enclosed to specifications. . . . Deliv- 
ery within two weeks. 


For further information and catalog 
call or write today... 


Frank essler Co., Inc., 41-45 47th St. 


LIC. 4, N.Y. © Tel: STillwell 4-0263 
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ie appointment of Ernest V. Smith 
| Field Representative for Schweber 
ectronics, components distributing firm 
Mineola, L.I., N.Y., has been announced 
A. William Suarez, the company’s New 
gland District Manager. Mr. Smith will 
ice components users in the New 
and area and in and around Sche- 
tady, N.Y. The appointment coincides 
th the establishment of a_ regional 
pot for G. E. Tantalytic (R) Capacitors, 
tramon Capacitors and Daystrom Po- 
atiometers, located at 1191 Washington 
enue, West Newton, Massachusetts. 


Affiliation of two new executives with 
i.cific Semiconductors, Inc., and their 
»pointment to key manufacturing posi- 
ms, was announced recently by Dr. Har- 
r Q. North, president. Robert M. Wood, 
ins PSI as Manager of the Transistor 
ant. David M. Edwards, has been se- 
ected as Manager of Manufacturing Plan- 
} and Control. They will report to 
a Lindgren, Manager of Manufac- 


— 


John Bettencourt has been appointed 
anager of micro-alloy diffused transis- 
rs in an announcement by Edward J. 
uirk, semiconductor plant manager for 
BS Electronics. 


Arthur W. Keough has been appointed 
uality Control Manager of the Los An- 
‘les division of the Avnet Electronics 
orp., it was announced recently by 
obert H. Avnet, Chairman of the Board. 


Norman J. Golden has been promoted 
) vice president-research and develop- 
ient of the Semiconductor Division of 
‘offman Electronics Corporation. He suc- 
2eds Dr. Morton B. Prince, who recently 
‘as named vice president and general 
anager of the division. 


Fairchild Semiconductor Corporation 
as appointed Robert Shultz to head its 
pplications engineering section, Dr. Vic- 
wr Grinich, Director of Engineering, an- 
ounced recently. He has been in the 
lid state electronics field since 1951. 


Herbert O. Boellhoff has been named 
[ethods and Procedure Supervisor by 
perry Semiconductor. Mr. Boellhoff 
xmes to Sperry with wide experience in 
1¢ semiconductor and transistor fields. 


William W. Taylor has joined the Biddle 
ompany as an account executive to help 
st up an Electronics Section. He was 
yxmerly Ad Manager, General Sales 
[anager and Staff Assistant to the Mar- 
eting Manager for Sangamo Electric 
ompany’s Electronic Division. 


BACK ISSUES 
AVAILABLE 


1.00 each 


1958—Jan/Feb; March/April; 
May/June; Nov/Dec. 


1959—March, May, Sept, Nov, 
Dec. 


SEMICONDUCTOR PRODUCTS 


Back Issue Dept. 
300 W. 43 St. New York, N. Y. 


PREMIUM QUALITY MILLED NEOPRENE 


CHARCO DRY BOX GLOVES 


PROVIDE DEPENDABLE PROTECTION 
IN CRITICAL OPERATIONS 
FLEXIBLE, FINGER SENSITIVE AND COMFORTABLE 


PROUD RECORDS OF RELIABLE PERFORMANCE BY CHARCO DRY BOX GLOVES HAVE BEEN 


MADE IN THIS COUNTRY AND ABROAD, IN MAJOR ATOMIC ENERGY INSTALLATIONS: 


ALSO IN BIOLOGICAL AND INDUSTRIAL RESEARCH. 


‘ 
Bre 


NEO. SOL 


PREMIUM QUALITY, ALL MILLED NEOPRENE, THESE GLOVES 
ARE OIL, CHEMICAL AND OZONE RESISTANT. THEY CONFORM 


TO REQUIREMENTS OF ARGONNE NATIONAL LABORATORY 
SPECIFICATIONS PF-1-b-(Rev. 6). 


CHARCO 


RAD RAR 


SEAMLESS, LEAD-LOADED, MILLED NEOPRENE ARE OF A 


DENSITY OF 3.95 GRAMS PER CUBIC CENTIMETER. UNDER 
ACTUAL TESTS THESE GLOVES HAVE BEEN PROVEN TO SHIELD 


OUT SOFT GAMMA RAYS MORE THAN 85%. 


EACH DRY BOX GLOVE IS 
HIGH VOLTAGE TESTED 


WRITE FOR BROCHURE AND 
TECHNICAL DATA 


CHARLESTON 2&8 (## 
RUBBER COMPANY 


53 STARK INDUSTRIAL PARK 


rnd 


CHARLESTON, SOUTH CAROLINA 
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for maximum reliability 


PREVENT 
THERMAL 
RUNAWAY 


Prevent excessive heat from 
causing “thermal runaway” in 
power diodes by maintaining 
collector junction temperatures 
at, or below, levels recommended 
by manufacturers, through the 
use of new Birtcher Diode 
Radiators. Cooling by conduction, 
convection and radiation, 
Birtcher Diode Radiators are 
inexpensive and easy to instal] in 
new or existing equipment. 

To fit all popularly used 

power diodes. 


FOR CATALOG 


and 
test data write: 


EMICONDUCTOR PRODUCTS e MAY 1960 


with NEW 
BIRTCHER 


DIODE 
RADIATORS 


BIRTCHER COOLING AND RETENTION DE- 
VICES ARE NOT SOLD THROUGH DISTRIBU- 
TORS. THEY ARE AVAILABLE ONLY FROM 
THE BIRTCHER CORPORATION AND THEIR 


SALES REPRESENTATIVES. 


THE BIRTCHER CORPORATION 


industrial division 


4371 Valley Blvd. Los Angeles 82, California 


Sales engineering representatives in principal cities. 
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STROM 


PACIFIC 


potentiometers 


announces the appointment of 
its first factory-price distributor 


“" 


chweber 


ELECTRONICS 


Ye at fac or prices from Schweber’s 


7 BLY. warehouse by 


IONEER 6-6520... 


¢ 5 


“FEATURING 


TINIEST SIZE AND EXCLUSIVE 
SQUARE SHAPE a series that provides 
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INDEX TO ADVERTISERS — 


Kahle Engineering Co. ......... 29 


Accurate Specialties Co., Inc. .... 77 
Aerotronic Associates, Inc. ..... 75 
Ajusto Equipment Co. ......... 77 


Allied Chemical Corp. 
General Chemical Division ... 10 


Alloys Unlimited Inc. .......... 6,7 
BTU Engineering Corp. ........ 19 
Baker, J. T., Chemical Co. ..... 16 


Becco Chemical Division 
Food Mach. & Chemical Corp. 73 


Birtcher Corporation, The ..... 81 
Bronwill Division of Will Corp. 72 
Burke & James, Inc. ........... fe 
Charleston Rubber Company ... 82 
Cohn, Sigmund Corp. .......... 4 
Cominco 24.08 iesadiie esses ata ee 
Consolidated Reactive Metals, 
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Consultants Bureau Enterprises 27 


Dow Corning Corp. ............ 8 
Duramic Products Inc. ......... 72 
Eagle Picher Company ......... 20 
BIC OF ee eee ate hee a re ees 79 
Electronic Lab Supply Co. ..... 79 
Electronic Research Associates .. 71 
Epoxy Products Inc. ........... 9 


Fairchild Semiconductor Corp. 3 


General Electric Co. ...... 73, 74, 76 
Glass Beads Corp. ............. 78 


Grace Electronic Chemicals, Inc. 75 


Hunter; Tool Co. 2... ke4 et. ce 75 


Indium Corp. of America, The .. 77 


Instant Circuits ................ 78 


JFD Manufacturing Co., Inc. ... 63 
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Kanthal Corp., The ............ 74 
Kessler, Frank Co. ..........- . 80 
Knapic Electro-Physics Inc. Cover Il 
Kulieke & Soffa Mfg. Co....... 5 


Labline, Tne), 3)... iics(ossecets eee ot . 69 
Lepel High Frequency Labs., Inc. 80 


Lindberg Engineering Co. .... 12,13 


Manufacturers Engineering & 
Equipment Corp. ......... ae 


Merck & Company Inc. ........ 1 
Miromech Manufacturing Corp. 15 


Mileray® 22525525 Covers 11A, 11B 
Minneapolis-Honeywell 

Boston Division .............. 23 
Molecular Electronics, Inc. ..... 67 


North Hills Electric Co., Inc. ... 80 


Norton Company .............. 24 
Penfield Manufacturing Co. .... 22 
Philco Corporation 

Lansdale Division ...... Cover Ill 
Raytheon Company ....... 17, 18, 65 
Schweber Electronics ...... ++ 49, 82 
Secon Metals Corporation ...... 78 
Semimetals, Inc. ............... 11 


Sprague Electric Company Cover IV 


Sylvania Electric Products, Inc. 
Chemical & Metallurgical Div. 26 


Parts Division <\ 4.05; ee 14 
Tang Industries ................ 70 
Tektronix; Inc. ©. 33. 56.0 0.cn dees 25 


Texas Instruments Incorporated 21 


United Carbon Products Co. ... 30 
Unitron Instruments Division of 
United Scientific Co. ......... 66 
Wallson Associates, Inc. ........ 70 
West Instrument Corp. ........ 68 


coe He Nonlinear eel 


QUALITY 


NEW MATERIAL 
RESEARCH 


SPECIFICAT 


good f easons for letting : i | _ To ORDER 


KNAPIC@S your 


KNAPIC specializes in Silicon and Germanium Crystals 
rr Semiconductor, Solar Cell and Infrared uses 


Sa Pi 


jor manufacturers of semiconductor devices have found 
t Knapic Electro-Physics, Inc. can provide production 
intities of highest quality silicon and germanium mono- 
stals far quicker, more economically, and to much tighter 
cifications than they can produce themselves. 


Dislocation density, Knapic silicon 
monocrystals grown by a modified 
Czochralski technique: Crystal 
diameter to ¥%”—None; %” to %"— 


r P iieye * less than 10 per sq. cm.; %” to 
2 reason? Knapic Electro-Physics are specialists with ac- dee: : 


: 7 5 Ss é 1%"—less than 100 per sq. cm.; 
srated experience in growing new materials to specification. 


1%" to 2” less than 1000 per sq. cm. 
ry not let us grow your crystals too? 


Check These Advantages 


mely low dislocation densities. 

t horizontal and vertical resistivity tolerances. 

eters from 14,” to 2”. Wt. to 250 grams per crystal. Individual crystal lengths to 10”. 4 ® 

Oxygen content 1x10!’ per cc., 1x 10'¢ for special Knapic small diameter material. Puc Electro-Physics, inc; 
ng subject to customer specification, usually boron for P type, phosphorous for N type. 996-40 Industrial Ave., Palo Alto, Calif. * Phone DAvenport 1-5544 


imes: 1 to 15 ohm cm.—over 50 microseconds; 15 to 100 ohm cm.—over 100 micro- SALES OFFICES: 
ads; 100 to 1000 ohm cm.—over 300 microseconds. Special Knapic small diameter 
rial over 1000 microseconds. 


Fastern—405 Lexington Avenue, New York, N. Y. ° Phone YUkon 6-0360 

Western—204 South Beverly Dr., Beverly Hills, Calif. ¢ Phone CRestview 6-7175 

Specification Sheets Available European— #2 Prins Frederick Hendriklaan, Naarden, Holland « Phone K 2959-8988 
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new transistors from Sprague* 


SUPER HIGH-SPEED 


SWITCHING TRANSISTORS 
TYPE 2N301 
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; Fall Time (ts) 7 10 mpsec ; ; junction temperatures. . 
. In circuit with current gain of 10 and voltage turnoff. . = 
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This table tells the story. Sprague Type 2N501 germanium micro-alloy diffused-base 
transistors are the fastest mass-produced transistors available anywhere! They are 
unexcelled for high-speed computer applications. The ultra-low rise, storage, and 
fall time cannot be matched by any other transistor. 


Ultra-precise process control in manufacture results in superb and consistent high 
quality. The basic electrochemical process of fabrication takes the guesswork out of 
transistor manufacturing. The result is outstanding uniformity of product. 


Because of the electrochemical process, Sprague is able to fabricate a graded-base 
transistor with no intrinsic base region. The Type 2N501 can thus maintain its super 
high-speed switching characteristics right down to its saturation voltage, providing all 
the advantages of direct-coupled circuitry with no impairment of switching speeds. 


Type 2N501 Transistors are available from Sprague now at extremely reasonable 
prices. They are transistors you can use today! You need not delay your development 
work for the future when you design high-speed switching circuits with Type 2N501 
Micro-Alloy Diffused-Base Transistors. 


Write for complete engineering data sheet to the Technical Literature Section, 
Sprague Electric Company, 467 Marshall Street, North Adams, Massachusetts. é 


* Sprague micro-alloy, micro-alloy diffused-base, and surface barrier transistors are fully 
licensed under Philco patents. All Sprague and Philco transistors having the same 
type numbers are manufactured to the same specifications and are fully interchangeable: 


SPRAGUE COMPONENTS: 


MAGNETIC COMPONENTS °« INTERFERENCE FILTERS SI q ui (; U ae 


TRANSISTORS «© CAPACITORS « RESISTORS 
PULSE NETWORKS «+ HIGH TEMPERATURE MAGNET 
WIRE © CERAMIC-BASE PRINTED NETWORKS 
PACKAGED COMPONENT ASSEMBLIES 


the mark of reliability: 
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